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(54) CATHODIC SUBSTANCE OF LITHIUM ION SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a lithium ion secondary battery cathodic substance 
having a cycling stability, high charging electric voltage resistance and high energy density of a 
secondary battery having a lithium cathode substance. 

SOLUTION: A proper amount of a selected divalent cation is added to a lithiated transition 
metal oxide having a rhombohedral R-3m crystal structure to allow all or a part of the divalent 
cation to occupy crystal lattices in the crystal structure of a transition metal atom layer. The 
lithiated transition metal oxide can be used as the cathodic substance of a lithium ion 
secondary battery. The substance includes an Li1+xNi1+yMyNx02(1+X) and Li1Ni1-yMyNxOp 
without limited to the compounds. Therein, the transition metal is selected from titanium, 
vanadium, chromium, manganese, cobalt and aluminum. N is the element of the group II in the 
periodic table, and is selected from magnesium, calcium, strontium, barium and zinc. 
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iT * NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]. It is in an atomic layer of a crystalline substance (crystalline material) further including 
lithium, oxygen, and at least one transition metal. A crystalline substance containing a divalent 
positive ion which occupies a crystalline lattice which said transition metal atom should mainly 
occupy (crystalline material). 

[Claim 2]The crystalline substance according to claim 1 when said crystalline substance does 
not exist [ said divalent positive ion ], wherein it mainly has an R-3-m crystal structure of a 
single configuration. 

[Claim 3]The crystalline substance according to claim 2 said some of lithium being irreversibly 
removable from said crystal structure. 

[Claim 4]The crystalline substance according to claim 3, wherein said divalent positive ion in said 
transition metal layer promotes an oxidation state of a transition metal ion in a substance. 
[Claim 5]The crystalline substance according to claim 3, wherein a ratio in which said divalent 
positive ion exists is 1 to 25% based on total of an atom in a crystal layer of a substance mainly 
occupied with a transition metal atom. 

[Claim 6]The crystalline substance according to claim 5, wherein said ratio is 3 to 15% of atomic 
ratio. 

[Claim 7]The crystalline substance according to claim 3, wherein said divalent positive ion is ion 
of an element of one or one or more periodic table II groups. 

[Claim 8]The crystalline substance according to claim 7, wherein elements of said periodic table 
II group are an alkali earth metal element and zinc. 

[Claim 9]The crystalline substance according to claim 8, wherein said alkali earth metal elements 
are magnesium, calcium, strontium, and barium. 

[Claim 10]The crystalline substance according to claim 3, wherein said transition metal chooses 
one or one or more from titanium, vanadium, chromium, manganese, iron, cobalt, and aluminum. 
[Claim 11]It has presentation Li 1+x nickel l _ y M y N 2 O p , During this presentation, M is chosen from 

titanium, vanadium, chromium, manganese, iron, cobalt, and aluminum, and;N is chosen from 
magnesium, calcium, strontium, barium, and zinc; 
0 <=x<=z; 

2(1+z/2X=p<=2(1+z); 

When M is cobalt or manganese and 0 <=y<=1 ;M is titanium, vanadium, chromium, or iron, a time 
of 0 <=y<=0.25;M being aluminum — y<=0.4; — the crystalline substance according to claim 1 
characterized by being 0<=z<=0.1; when N is magnesium or calcium again and 0 <=z<=0.25;N is 
strontium, zinc, or barium. 

[Claim 12]Have presentation Li l+x nickel l _ y M y N x 0 2(1+x) , and M during this presentation, It is 

chosen out of titanium, vanadium, chromium, manganese, iron, cobalt, and aluminum, and;N, When 
it is chosen out of magnesium, calcium, strontium, barium, and zinc and;M is cobalt or 
manganese, When 0 <=y<=1;M is titanium, vanadium, chromium, or iron, a time of 0 <=y<=0.5;M 
being aluminum — y<=0.4; — the crystalline substance according to claim 1 1 characterized by 
being 0<=x<=0.1; when N is magnesium or calcium again and 0 <=x<=0.25;N is strontium, barium, 
or zinc. 
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[Claim 13]It has presentation Li l nickel 1 _ y M y N x O p , During this presentation, it is chosen from 
titanium, vanadium, chromium, manganese, iron, cobalt, and aluminum by M, and;N, When it is 
chosen out of magnesium, calcium, strontium, barium, and zinc and;M is cobalt or manganese, 
When 0 <=y<=1;M is titanium, vanadium, chromium, or iron, a time of 0 <=y<=0.5;M being 
aluminum — y<=0.4;, when N is magnesium or calcium again, The crystalline substance according 
to claim 12 characterized by being 0<=x<=0.1 and 2(1+x/2)<=p<=2(1+x); when 0 <=x<=0.25;N is 
strontium, barium, or zinc. 

[Claim 14]A negative electrode of an electrochemical cell being a negative electrode containing 
the substance according to claim 1 . 

[Claim 15]The negative electrode according to claim 14 containing the substance according to 
claim 11. 

[Claim 1 6]The negative electrode according to claim 1 5 containing the substance according to 
claim 12. 

[Claim 17]The negative electrode according to claim 15 containing the substance according to 
claim 13. 

[Claim 18]A lithium ion secondary cell comprising: 

A negative electrode which has the composition according to claim 14. 
Said negative electrode and a dissolving anode. 
Said anode and a dissolving electrolysis solution. 

[Claim 19]The lithium ion secondary cell according to claim 18 containing said negative electrode 
which has the composition according to claim 1 5. 

[Claim 20]The lithium ion secondary cell according to claim 18 containing said negative electrode 
which has the composition according to claim 16. 

[Claim 21 ]The lithium ion secondary cell according to claim 18 containing said negative electrode 
which has the composition according to claim 1 7. 

[Claim 22]The manufacturing process characterized by comprising the following. 

a. A procedure which combines a substance which contains lithium of a certain quantity at least, 
a substance containing a transition metal of a certain quantity, and a substance containing an 
atom of at least one periodic table group II element of a certain quantity, and generates a 
uniform solid by this. 

b. It heat-treats and has said uniform solid, and is an atom of at least one aforementioned 
periodic table group II element. 

[Claim 23]The process according to claim 22 of being characterized by comprising the following. 
A procedure of it dissolving in at least one solvent, and the aforementioned procedure to 
combine having the quantity of a. above, and providing a uniform solution, 
b. A procedure of drying said uniform solution and providing said uniform solid by continued 
churning while removing said solvent from said uniform solution. 

[Claim 24]The process according to claim 22 of being characterized by comprising the following. 
A procedure of it dissolving in at least one solvent, and the aforementioned procedure to 
combine having the quantity of a. above, and providing a uniform solution, 
b. A procedure of carrying out the spray of said uniform solution indoors through a spraying 
nozzle, holding said indoor temperature more than drying temperature of said solvent, making 
said solvent evaporating, and providing said uniform powdered solid. 

[Claim 25]The process according to claim 22 of being characterized by comprising the following. 
A substance containing said lithium is lithium hydroxide (lithium hydroxide) an included substance 
among the aforementioned procedure to combine, and said procedure to combine, a. A procedure 
which generates a solution which dissolves a substance containing lithium hydroxide of the 
aforementioned quantity, and a transition metal of the aforementioned quantity in one organic 
solvent, and contains lithium. 

b. A procedure of preparing solution of a substance containing said periodic table group II 
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c. A procedure which mixes both said solution and a solution containing said lithium. 

d. A procedure of neglecting said mixture and providing gel until gelling takes place, and a 
procedure of drying the e. aforementioned gel and obtaining said uniform solid. 

[Claim 26]The process according to claim 22 that it is characterized by said quality of an activity 
crystal lithium transition metal oxide containing an atom of said at least one periodic table group 
II element having the presentation according to claim 1 1 . 

[Claim 27]The process according to claim 26 that it is characterized by said quality of an activity 
crystal lithium transition metal oxide containing an atom of said at least one periodic table group 
II element having the presentation according to claim 12. 

[Claim 28]The process according to claim 26 that it is characterized by said quality of an activity 
crystal lithium transition metal oxide containing an atom of said at least one periodic table group 
II element having the presentation according to claim 1 3. 

[Claim 29]A manufacturing process of a lithium ion secondary cell constituting a cell from a 
negative electrode which has the presentation according to claim 14, said negative electrode and 
a dissolving anode and said negative electrode, and a dissolving electrolysis solution in the 
manufacturing process. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to improvement of the negative-electrode 
substance of a cell. It is related with the lithium transition metal oxide negative-electrode 
substance which has especially an R-3-m crystal structure (rhombohedral R-3m crystal 
structure) of rhombohedron, and was doped by addition of the positive ion belonging to at least 
one sort of periodic table II groups. The negative-electrode substance by this invention shows 
phasing of high capacity, and the endurance to voltage and the controlled amount of specific 
volume in discharge and the charge cycle of a round. 
[0002] 

[Description of the Prior Art]In order to satisfy these days the demand which increases to 
constant [ of a portable computer, and a cellular type telephone or a portable electronic 
gadget ], the demand of the improved cells in which a recharge is possible is in a way of an 
increase. The cell in which a recharge is possible is called a rechargeable battery, and permits 
movement of ion between a negative electrode and an anode again, including the liquid 
electrolyte which intervenes between a negative electrode, an anode, and a negative electrode 
and an anode fundamentally, or other substances. It is high capacity, good cycle nature, and the 
high endurance to voltage that are required of the cell in which a recharge is possible as 
performance. 

[0003]The capacity of the cell which can be charged is measured in the unit of mAh/g, and it is 
an electric charge which can generate the substance of a unit weight. The cycle nature of the 
cell in which a recharge is possible is known as a "cycle act" or a "cycle life" again, and is 
reduction of cell capacity, or measurement to the rate of phasing in the discharge 1 recharge 
cycle course of a round. In the specified discharge 1 recharge cycle course, recycling efficiency 
may be represented as average percentage of the capacity which decreased. High cycle nature 
is the direct judgment to the good use life of a cell. 

When production of a cell and the last cost by the side of consumption are high, it becomes 
important character especially. 

The voltage endurance of the cell in which a recharge is possible is represented as the highest 
restriction of voltage that a cell can be charged without being typically measured in the unit of a 
bolt and damaging the perfection of negative-electrode substance structure. So, the cell which 
has comparatively high voltage endurance demonstrates the phasing nature of good capacity 
similarly, also when it charges to high voltage, and when low voltage charges. The reason and the 
higher voltage endurance which can produce capacity and an energy density with an expensive 
cell charged to high voltage are desirable as a cell. The energy density of a cell is the energy 
(net) of the net of a cell which the unit weight of an activity negative-electrode substance may 
emit in a discharge process. Net energy is expressed as the voltage per unit weight of a 
substance, and a product of an electric charge, is calculated by formula;E=(1/M) integral phi V(q) 
dq, and when N is strontium, zinc, or barium, it is set to 0<=z<=0.1. The weight of the active 
substance of a negative electrode and Q of M are an electric charge of the net after discharge, 
and the voltage as which V (q) was expressed as a function of q by the upper formula. It is more 
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desirable to have a reason which releases higher energy, and a high energy density in the 
application range set constant [ the cell of the fixed weight having contained the high energy 
density ]. 

[0004]As a request of a up to [ the commerce in the commercial scene of the cell in which a 
recharge is possible which improves gradually ], the improvement on past character is mentioned 
and it serves as a substantial advantage in which the present cell is excelled. So, the 
improvement to the negative-electrode substance of the cell in which a recharge is possible is 
continued by ****. 

[0005]The crystalline substance of the lithium base is included in the cell belonging to the group 
(family) of the cell in which a recharge is possible in which a lithium ion recharge is possible as a 
negative electrode. The crystalline lattice of a negative-electrode substance provides a lithium 
ion with the framework (frame work) on structure. A lithium ion can be inserted into the 
framework of the crystal of a negative electrode (insertion), or it can be desorbed from it. So, a 
negative-electrode substance is seen as an "activity" substance in the cell in which a lithium ion 
recharge is possible. During charge, it is moved from a negative-electrode substance and 
deposition or intercalation (intercarate) of the lithium ion is carried out into an anode (based on 
the gestalt of an anode). During discharge, a lithium ion is returned and intercalated in a 
negative-electrode substance, and makes easy the flow of the electrical and electric equipment 
between battery contacts. Among the cycle of charge and discharge, in order that the negative 
electrode containing an active substance may hold the reversibility of a reaction, the remarkable 
change on any structures is not allowed. It is based on the stability of the crystal structure of a 
negative-electrode substance that the reversibility of a reaction is permitted during discharge, 
and a lithium ion can return and intercalate in a negative-electrode substance repeatedly. It 
must know that the performance of a cell is [ place depended on the ingredient of a negative- 
electrode substance ] serious. It influences the amount of specific volume, an energy density, 
and the current capability and recycling efficiency of a cell directly again. 

[0006]What becomes a negative electrode from the ingredient of a lithium transition metal oxide 
is included in the group of a lithium ion battery. To the lithium transition metal oxide generally 
used as a negative-electrode substance, a lithium manganese oxide spinel (LiMn 2 0 4 of spinel 

skeletal structure), There are lithium nickel oxide (LiNi0 2 ), lithium cobalt oxide (LiCo0 2 ), etc. All 

of these substances operate by reversibility transfer of the lithium ion of upper**. During 
recycling of discharge, it is moved from a negative electrode, and a lithium ion is deposited on an 
anode, or is intercalated, and hardly spoils an original structure of a negative electrode. A lithium 
ion is returned and intercalated in a negative electrode at once during discharge. To lithium, the 
usual lithium transition metal oxide shows high voltage (to 3.8-4V), and provides a high energy 
density. This is for according to a small molecular weight. 

[0007]The energy densities of the negative-electrode substance of LiMn 2 0 4 , LiNi0 2 , and Li0oO 2 

were enumerated to Table 1. Cork is used for an anode and this is reproduced from Solid State 
Ionics 69 (1994) of Mr. k.Brandt, and the 173-1 83rd page. The difficulty etc. of composition of 
the substance based on the art accepted by recycling efficiency, a manufacturing cost, and 
general battery manufacturing art were simultaneously ranked as Table 1 . 



;ooo8] 

Table 1] 




(Wh/kg) 


UtJ-f 




D-J5fcftS<Z> 


liCoO* 


276 




ft 


m 


IiNiO» 


321 




• * 




UMmO* 


305 









[0009]In three sorts of substances, LiMn 2 0 4 and LiNi0 2 have a clearly low manufacturing cost, 
and their shock over environmental pollution is also light compared with LiCo0 2 . However, the 
inconsistency nature of the recycling act of LiMn 2 Q 4 and LiNi0 2 restricts application of these 
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today. If the recycling efficiency of LiMn 2 0 4 and LiNi0 2 can be improved, he is absorbed and it 
cannot be said that LiCo0 2 must have been replaced as a negative-electrode substance of the 
cell in which the lithium ion recharge of a substance is possible. 

[0010]It is adding the element except [ these ] being shown in the periodic table as a method of 
raising the stability of recycling efficiency derived from the lithium transition metal oxide. In a 
certain example, improvement in the character on the electrochemistry of a substance was 
observed in the result [ change / of the crystal structure which the number on chemicals 
calculation of the compound which is not doped, LiMn 2 0 4 , LiNi0 2 , and LiCo0 2 shows, for 
example ]. 

[001 1]R. Solid State Ionic of J. Gummow et al, (69), Optimum dose of lithium to "Improved 
Capacity Retention in Rechargeable 4 v Lithium/Lithium-ManganeseOxide (Spinel) Cell" 
recorded by the 59-67th page. It has suggested adding to LiMn 2 0 4 and raising the cycling act of 
a substance. It is suggested that it will cause improvement in a cycling act if this reference adds 
magnesium or zinc in LiMn 2 0 4 and it is considered as the substitute of some magnesium again. 
Anyway, spinel of LiMn 2 0 4 which doped magnesium and zinc although the stability of the cycling 

nature of a substance improved (Spinel) The amount of specific volume of a substance is small, 
and is within the limits of 90 - 1 05 mAh/g. 

[0012]The contents opened to the United States patent number 5,264,201 are all announced 
here. According to this, the substance which has the cycling stability which improved is 
represented with formula Li x nickel 2 _ x _ y M y O, the inside x of it is between about 0.8 and 1.0 — M 

1 or it being one or more cobalt, iron, titanium (titanium), manganese (manganese), 
chromium (chromium), and vanadium (vanadium), and. Suppose that it is y<=0.5 with y<=0.2, 
however cobalt. In pure LiNi0 2 , the metallic atomic layer of pure nickel is ****(ed) between 
substantial pure oxygen layers by turns on pure lithium and parenchyma on parenchyma. When 
lithium on chemicals calculation decreases in number from 0.1, it mixes into a lithium-atoms 
layer and a nickel atom is decline of the intercalation of lithium atoms, (deintercalation) It 
prohibits. If the artificer of a patent of the United States patent number 5,264,201 holds x in the 
above-mentioned range, it will be suggested that the quantity of a nickel atom is not mixed in 
the degree which decreases the capability of the day intercalation of parenchyma top lithium. 
Although the substitution and adjustment on the chemicals calculation from which the place 
which the patent of the United States patent number 5,264,201 suggests differed have presented 
the improvement which excels a pure LiNi0 2 substance to some extent, the substance which 
improved does not result in the degree which still provides the stability of the cycling nature of a 
LiCo0 2 substance. It does not have the performance of remarkable voltage endurance in which 

the substance of a patent of the United States patent number 5,264,201 is also sufficient for 
believing. If it results in application, it is still more so. 

[001 3]I will all announce here the contents opened to the United States patent number 
5,591,543, and will present reference. According to it, Z is one transition metal chosen from 
cobalt, nickel, manganese, iron, vanadium, etc. among the group of the lithium ion negative- 
electrode substance compounded by Li 1 _ x Q x/2 ZO m , Q is calcium, magnesium, the strontium 
(Strontium), barium, etc. which were chosen from the element group of a periodic table II group, 
and m is based on the identity of Z by 2 or 2.5. The artificer of a patent of the United States 
patent number 5,591,543, During composition, QO or the QC0 3 compound which a Q +2 positive 
ion combines addition of the oxide of Q element or a carbonate compound in the lithium crystal 
lattice within a LiCo0 2 lattice, and carries out whole surface survival will be shown, if 

intermingled in the completed negative electrode with the form. Among cycling, the solvent 
action of the oxide and carbonate compound of a periodic table II group turns into an electrolytic 
buffer action, and reacts to the water in an electrolysis solution, and an acid impurity (acid 
impurities), and functions as a drier. It seems that, as for the artificer of a patent of the United 
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States patent number 5,591,543, they returned improvement in the recycling efficiency of a 
substance to ** of the oxide of a periodic table II group, or the drying effect of carbonate. 
[0014]As shown in 4th, 6, and 8 figure of a patent of the United States patent number 5,591,543, 
the rechargeable battery which uses the substance put up with this invention proposal for a 
negative electrode supposes that it can charge to 4.2V. Now, the necessity of developing the 
negative-electrode substance of the lithium transition metal oxide which can bear higher charge 
voltages is still left behind. First, the substance which can be charged on the voltage beyond 
4.2V must have higher capacity and energy density. Like the above-mentioned explanation, such 
performance that improved is on application and provides remarkable profits. The negative- 
electrode substance which has R3-m (here, it is displayed as R-3 m) crystal structure of 
moreover and these days becomes unstable when it charges on the voltage beyond 4.2-4.3V. 
When it becomes thin to the constant value which has the concentration of the lithium contents 
in a negative-electrode substance during charge (the range of 4.2-4.3V), the change on structure 
takes place within a substance, and it degrades the fading characteristic of these substances. 
So, the capability for a negative-electrode substance to be able to be equal to about 4.2-v 
charge is one of the important characteristics. Supposing a negative-electrode substance can be 
equal to the charge which higher voltage repeats compared with the conventional negative- 
electrode substance, this improved substance can provide higher capacity at the time of 
discharge. 

[0015]so, the research on the structure of the rechargeable battery of the above-mentioned 
invention or these days — a result, when an improvement of the stability of cycling and the 
character on other electrochemistry is considered, Probably, he keenly still cannot but realize 
that there is the necessity for efforts still further about improvement in the character on the 
cycling stability of a lithium ion negative-electrode substance, higher charge voltages-proof, or 
other electrochemistry, etc. 
[0016] 

[Problem(s) to be Solved by the Invention]This invention is what expects improvement in the 
character on the cycling stability of the rechargeable battery which has a lithium ion negative- 
electrode substance, higH charge voltages-proof, a high energy density, and other 
electrochemistry, To the lithium transition metal oxide negative-electrode substance which has 
an R-3-m crystal structure of rhombohedron, it dopes by addition of the positive ion which 
belongs to a kind of periodic table II group at least, and the purpose is attained to it. 
[0017] 

[Means for Solving the Problem]This invention for attaining the above-mentioned purpose is 
constituted as follows for every claim. 

[0018]The invention according to claim 1 contains lithium, oxygen, and at least one transition 
metal, and is a crystalline substance (that is, it will become crystalline material if the English 
transcription of the thing of a crystalline substance is said and carried out.) further. In this 
specification, it is the same. It is a crystalline substance containing a divalent positive ion in an 
atomic layer which occupies a crystalline lattice which said transition metal atom should mainly 
occupy. 

[0019]The invention according to claim 2 is the crystalline substance according to claim 1 when 
said crystalline substance does not exist [ said divalent positive ion 1 wherein it mainly has an 
R-3-m crystal structure of a single configuration. 

[0020]The invention according to claim 3 is the crystalline substance according to claim 2 said 
some of lithium being irreversibly removable from said crystal structure. 

[0021]Said divalent positive ion which has the invention according to claim 4 in said transition 
metal layer is the crystalline substance according to claim 3 promoting an oxidation state of a 
transition metal ion in a substance. 

[0022]A ratio in which said divalent positive ion exists in the invention according to claim 5 is the 
crystalline substance according to claim 3 being 1 to 25% based on total of an atom in a crystal 
layer of a substance mainly occupied with a transition metal atom. 

[0023]The invention according to claim 6 is the crystalline substance according to claim 5, 
wherein said ratio is 3 to 1 5% of atomic ratio. 
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[0024]The invention according to claim 7 is the crystalline substance according to claim 3, 
wherein said divalent positive ion is ion of an element of one or one or more periodic table II 
groups. 

[G025]The invention according to claim 8 is the crystalline substance according to claim 7, 
wherein elements of said periodic table II group are an alkali earth metal element and zinc. 
[0026]The invention according to claim 9 is the crystalline substance according to claim 8, 
wherein said alkali earth metal elements are magnesium, calcium, strontium, and barium. 
[0027]The invention according to claim 10 is the crystalline substance according to claim 3, 
wherein said transition metal chooses one or one or more from titanium, vanadium, chromium, 
manganese, iron, cobalt, and aluminum. 

[0028]The invention according to claim 11 has presentation Li l4 . nickeL M N O , During this 

i~»-x i— y y z p 

presentation, M is chosen from titanium, vanadium, chromium, manganese, iron, cobalt, and 
aluminum, and;N is chosen from magnesium, calcium, strontium, barium, and zinc; 
0 <=x<=z; 

2(1+z/2X=p<=2(1+z); 

When M is cobalt or manganese and 0 <=y<=1;M is titanium, vanadium, chromium, or iron, a time 
of 0 <=y<=0.25;M being aluminum — y<=0.4; — when N is magnesium or calcium again and 0 
<=z<=0.25;N is strontium, zinc, or barium, it is the crystalline substance according to claim 1 
being 0<=z<=0.1;. 

[0029]The invention according to claim 12 has presentation Li 1+x nickel l _ y M y N x 0 2(l+x) , and M 
during this presentation, It is chosen out of titanium, vanadium, chromium, manganese, iron, 
cobalt, and aluminum, and;N, When it is chosen out of magnesium, calcium, strontium, barium, and 
zinc and;M is cobalt or manganese, When 0 <=y<=1 ;M is titanium, vanadium, chromium, or iron, a 
time of 0 <=y<=0.5;M being aluminum — y<=0.4; — when N is magnesium or calcium again and 0 
<=x<=0.25;N is strontium, barium, or zinc, it is the crystalline substance according to claim 1 1 
being 0<=x<=0.1;. 

[0030]The invention according to claim 13 has presentation L^nickel^yMyf^Op, During this 
presentation, it is chosen from titanium, vanadium, chromium, manganese, iron, cobalt, and 
aluminum by M, and;N, When it is chosen out of magnesium, calcium, strontium, barium, and zinc 
and;M is cobalt or manganese, When 0 <=y<=1;M is titanium, vanadium, chromium, or iron, a time 
of 0 <=y<=0.5;M being aluminum — y<=0.4;, when N is magnesium or calcium again. When 0 
<=x<=0.25;N is strontium, barium, or zinc, they are 0<=x<=0.1 and the crystalline substance 
according to claim 12 being 2(1+x/2)<=p<=2(1+x);. 

[0031]The invention according to claim 14 is a negative electrode of an electrochemical cell 
being a negative electrode containing the substance according to claim 1 . 
[0032]The invention according to claim 15 is the negative electrode according to claim 14 
containing the substance according to claim 1 1 . 

[0033]The invention according to claim 16 is the negative electrode according to claim 15 
containing the substance according to claim 12. 

[0034]The invention according to claim 17 is the negative electrode according to claim 15 
containing the substance according to claim 1 3. 

[0035]The invention according to claim 18 is a lithium ion secondary cell containing a negative 
electrode which has the composition according to claim 14, said negative electrode and a 
dissolving anode, and said anode and a dissolving electrolysis solution. 

[0036]The invention according to claim 19 is the lithium ion secondary cell according to claim 18 
containing said negative electrode which has the composition according to claim 15. 
[0037]The invention according to claim 20 is the lithium ion secondary cell according to claim 18 
containing said negative electrode which has the composition according to claim 16. 
[0038]The invention according to claim 21 is the lithium ion secondary cell according to claim 18 
containing said negative electrode which has the composition according to claim 1 7. 
[0039]setting the invention according to claim 22 to the manufacturing process — a. — a 
substance which contains lithium of a certain quantity at least. A procedure which combines a 
substance containing a transition metal of a certain quantity, and a substance containing an 
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atom of at least one periodic table group II element of a certain quantity, and generates a 
uniform solid by this, b. Generate quality of an activity crystal lithium transition metal oxide 
which heat-treats and has said uniform solid and contains an atom of at least one 
aforementioned periodic table group II element, In said atom of at least one aforementioned 
periodic table group II element, a transition metal atom in a crystal layer of said active substance 
a mainly occupied crystalline lattice in said active substance A method of ************ f It is a 
manufacturing process of a lithium transition metal oxide crystalline substance including a 
procedure of selecting the aforementioned quantity. 

[0040]A procedure in which the above combines the invention according to claim 23, a. a 
procedure of dissolving in at least one solvent, having the aforementioned quantity, and providing 
a uniform solution, and b. — it is continued — it is the process according to claim 22 of including 
a procedure of drying said uniform solution and providing said uniform solid by churning while 
removing said solvent from said uniform solution. 

[0041] A procedure in which the above combines the invention according to claim 24, a. A 
procedure of dissolving in at least one solvent, having the aforementioned quantity, and providing 
a uniform solution, b. It is the process according to claim 22 that it is characterized by including 
a procedure of carrying out the spray of said uniform solution indoors through a spraying nozzle, 
holding said indoor temperature more than drying temperature of said solvent, making said 
solvent evaporating, and providing said uniform powdered solid. 

[0042]A substance containing said lithium of the invention according to claim 25 is a substance 
containing lithium hydroxide (lithium hydroxide) among the aforementioned procedure of making it 
joining together, A procedure which generates a solution which said procedure to combine 
dissolves a substance containing lithium hydroxide of quantity of a. above, and a transition metal 
of the aforementioned quantity in one organic solvent, and contains lithium, b. A procedure of 
preparing solution of a substance containing said periodic table group II element, c. a procedure 
which mixes both said solution and a solution containing said lithium, a procedure of neglecting 
said mixture and providing gel until d. gelling takes place, and e. — it is the process according to 
claim 22 that it is characterized by including a procedure of drying said gel and obtaining said 
uniform solid. 

[0043]Said quality of an activity crystal lithium transition metal oxide in which the invention 
according to claim 26 contains an atom of said at least one periodic table group II element is the 
process according to claim 22 that it is characterized by having the presentation according to 
claim 11. 

[0044]Said quality of an activity crystal lithium transition metal oxide in which the invention 
according to claim 27 contains an atom of said at least one periodic table group II element is the 
process according to claim 26 that it is characterized by having the presentation according to 
claim 12. 

[0045]Said quality of an activity crystal lithium transition metal oxide in which the invention 
according to claim 28 contains an atom of said at least one periodic table group II element is the 
process according to claim 26 that it is characterized by having the presentation according to 
claim 13. 

[0046]The invention according to claim 29 is a manufacturing process of a lithium ion secondary 
cell constituting a cell from a negative electrode which has the presentation according to claim 
14, said negative electrode and a dissolving anode and said negative electrode, and a dissolving 
electrolysis solution in the manufacturing process. 

[0047]A negative-electrode substance of a rechargeable battery with which this invention was 
improved is formed with a lithium transition metal oxide, it has an R-3-m crystal structure of 
rhombohedron, and a divalent positive ion is added. Let it be a good plan to choose from 
magnesium, calcium, strontium, barium, or zinc as an additive of a divalent positive ion. As for an 
addition of dopant (dopant) of a divalent selected positive ion, all or some of dopant atoms 
occupy a crystalline lattice which a transition metal atom should occupy. A doped lithium 
transition metal oxide by this invention, For example, like a doped lithium nickel oxide, a lithium 
cobalt oxide, or a lithium nickel cobalt oxide, All or some of divalent positive ion dopant atom 
occupies a crystalline lattice which nickel cobalt, nickel, and/or a cobalt positive ion should 



http://www4.ipdl.inpit.go jp/cgi-bin/tran.web_cgLeije?atw_u=http%3A%2F%2Fwww4.i... 2008/09/26 



JP,1 1-31041 6,A [DETAILED DESCRIPTION] 



7/21 v? 



occupy respectively at the time of un-doping. A doped lithium transition metal oxide by this 
invention may be formed as a negative electrode of a rechargeable lithium-ion battery. When 
used for this purpose, performance of high capacity, good recycling efficiency, and high-tension- 
proof nature (up to at least 4.4v) can be expected. 

[0048]With a fact solved as research based on a method and employment by this invention, this 
invention persons, If a divalent positive ion dopant on the basis of all atomic numbers in a 
transition metal layer of a crystalline lattice is added by about one to 25 atom percent within the 
limits, a rechargeable battery which has such a negative-electrode substance, Compared with a 
rechargeable battery of a negative-electrode substance which is not doped, it does not believe 
and suspect having the character on more excellent electrochemistry. Like the above, when 
character which improved further restricts a divalent positive ion dopant on the basis of all 
atomic numbers in a transition metal layer of a crystalline lattice to about three to 1 5 atom 
percent within the limits this time, it appears. This invention persons mainly have an R-3-m 
crystal structure, and it is concluded that it can expect improvement in the character if quality 
of a lithium transition metal oxide which does not contain a dopant of a periodic table II group 
adds a dopant of a periodic table II group so that it may suggest by this invention. As for one 
added in the same special thing and a substance thru/or some transition metal atoms, an 
undoped lithiation transition metal oxide is determined [ a single configuration or ] by whether it 
is mainly an R-3-m crystal structure of a single configuration. 

[0049]Although a doped lithium transition metal oxide by this invention contains two groups' 
thing represented with the following formula, it is not necessarily limited to this, namely, 
Li 1+x nickel 1-y M y N x O (1+x) (formula 1) — and — Li 1 nickel 1 _ y M y N x O (formula 2) 

One or one or more in titanium whose M it comes out and is a transition metal, vanadium, 
chromium, manganese, iron, cobalt, and aluminum; N, When selection;M is cobalt or manganese, 
one of magnesium, calcium, strontium and barium which are the elements of a periodic table II 
group, and the zinc, When 0 <=y<=1;M is titanium, vanadium, chromium, or iron and 0 <=y<=0.5;M 
is aluminum, a time of 0<x<=0.25;N being strontium, barium, or zinc, when y<=0.4;N is magnesium 
or calcium — 0<x<=0.1; — inside;2(1+x/2)<=p<=2 (1+x) 

An addition of this invention persons' observation, various transition metals, and a divalent 
positive ion determined the range of a variable of above-mentioned x and y based on the usual 
degree of meltable solution within a maternal LiNi0 2 structure. 

[0050]Inside of a doped lithium nickel transition metal oxide in which this invention persons are 
represented from the two above-mentioned formulas is a part of only this invention, and it 
discovered that all of a divalent positive ion of some periodic table II groups occupied a 
crystalline lattice of a transition metal layer in a crystal. A compositing expression and the 
United States patent number 5 of Li 1+x nickel l _ y M y N x O (1+x) and a Lij nickel w M y N x O p substance 

by this invention, a clear difference between compositing expressions of LL Q , 9 ZO 

substance by 591,543 — in addition, existence in a transition metal layer of a divalent positive 
ion by this invention distinguishes a substance of this invention, and it by patent of the United 
States patent number 5,591,543 promptly. In a substance of a patent of the United States patent 
number 5,591,543, some alkaline earth dopants (alkaline earth dopants) **** to a lithium layer, 
and entailment is carried out to a negative electrode fabricated in forms of an oxide and 
carbonate in part. It is sure that it is because a divalent positive ion carries out ON ** of the 
character in which a substance by this invention, this invention persons, was furthermore 
strengthened, into a crystalline lattice of a transition metal compared with it of a patent of the 
United States patent number 5,591,543. 

[0051]Doping a crystalline lattice of a transition metal with a divalent positive ion by this 
invention makes a center which has such a defect in a substance which produces a center which 
has a defect in a crystalline, and has this invention increase, and it makes an oxidation state of a 
transition metal ion increase. The high-tension endurance of a substance by this invention, and 
good recycling efficiency, It may contribute to improvement of an oxidation state of a transition 
metal positive ion selectively at least, In a transition metal (for example, nickel 3+ of d electronic 
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state) which is made to reduce the distortion effect of Jahn-Teller of common knowledge that it 
is influential in a stratified crystal structure among cycling, and has advanced spin electronic 
structure especially, it is the same. When a transition metal ingredient and arbitrary substances 
which have R-3-m symmetry are doped and a divalent positive ion is made to occupy a 
transition metal crystalline lattice, it is a fact without doubt to bring about mitigation of distortion 
of Jahn-Teller and strengthening of character on electrochemistry. So, this invention points to 
development of a substance which has R-3-m symmetry on the most usual sense, and it is the 
substance which was occupied by divalent positive ion in some crystalline lattices of a transition 
metal crystal layer in it and containing a transition metal atom layer. 

[0052]This invention points to development of a ** cell containing a negative electrode formed 
by a substance developed by this invention, a suitable anode and a negative electrode and an 
anode, and an electrolysis solution that can dissolve. 

[0053]A substance of this invention is characterized by phasing character of high capacity and 
low capacity, the endurance of high voltage, etc. Clearly, although this substance is high 
capacity, it exceeds the conventional lithium ion negative-electrode substance accompanied by 
the phasing nature of high capacity on performance. A substance by this invention shows higher 
improvement in respect of the two way type of capacity and recycling efficiency again compared 
with a substance opened to a patent of the United States patent number 5,591,543 so that it 
may inquire below. 

[0054]This invention relates also to a manufacturing process of quality of a lithium transition 
metal oxide doped by crystal. This process usually contains a substance which contained lithium 
of a certain quantity at least, a substance containing a transition metal of a certain quantity, and 
a substance which contains an atom of at least one periodic table group II element of a certain 
quantity, and generates a uniform solid. The quality of a crystal lithium transition metal oxide of 
activity which a uniform solid is heat-treated by the next and contains an atom of a periodic 
table group II element beyond one or it in it is produced. After quantity of a substance containing 
lithium, a substance containing a transition metal, and a substance containing an element of a 
periodic table II group is selected, as for an atom of a periodic table II group in an active 
substance, a transition metal atom occupies a mainly occupied crystalline lattice in a crystal 
layer of an active substance originally through a manufacturing process. A method of generating 
a uniform solid is based on a technique generally [ the former ] known well. The methods include 
churning, gelling, spray drying, solid composition, etc., for example. In addition, it is the substance 
developed by this invention, and a negative electrode of an electrochemical cell is formed in a 
process by this invention. 

[0055]A substance by this invention occupies a crystalline lattice which a transition metal atom 
mainly occupies, before doping a dopant of a divalent positive ion including a lithium transition 
metal oxide which has an R-3-m symmetrical crystal structure of rhombohedron in a state 
where it does not dope. For example, as shown in drawing 1 , a lithium layer and a nickel atom 
layer are pinched between oxygen atoms by turns in the R-3-m structure which LiNI0 2 

stratified. If it says on the most usual sense, this invention relates to a substance in which a 
crystalline lattice (for example, nickel crystal lattice within LiNi0 2 structure of drawing 1 ) of at 

least some transition metals is occupied by divalent positive ion. In order to obtain character in 
which doped character improved by this invention, a divalent positive ion of percentage 
measured about 1-25 and on the basis of all atomic numbers in a transition metal atom layer of 
about three to 1 5 substance desirably must be added. 

[0056] Hereafter, it explains to details more. A part of place to which this invention points is 
quality of a compound represented with the following molecular formula.; 
x, y, and p are as a means for solving an aforementioned problem having explained in 
Li 1+x nickel 1 _ y M y N x 0 2 ( l+x ) and L^nickel^MyN^Op **. This invention persons as a result of 

examination in character on electrochemistry, especially recycling efficiency and the endurance 
of voltage. In a substance by this invention, it is most appropriate as a negative-electrode 
substance of a rechargeable lithium-ion battery to have a molecular formula of LL nickel. 
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y M y N x 0 2(1+x) . In a compound of the group, a thing of the following molecular formula has 
desirable character.; 

1. L» l+x NiN x 0 2(1+x) — it is N=Mg and 0.03<=x<=0.25 in it, and 0.07<=x<=0.15 is much more 
desirable. 

[0057]2. Li 1+x nickel 1-y Co y N x 0 2(1+x) — it is N=Mg or Ca, 0.1<=y<=0.4, and 0.03<=x<=0.25 in it, and 
0.3<=x<=0.15 is much more desirable. 

[0058]3. U 1+x CoN x 0 2(1+x) — it is N=Mg or Ca, and 0.03<=x<=0.25 in it, and 0.03<=x<=0.15 is 
much more desirable at the time of N=Mg. 

[0059]A substance by this invention can be formed in a negative electrode of a rechargeable 
lithium-ion battery qualitatively [ conventional ] of particle negative electrode active material 
using a process of forming lithium anode structure. A cell by this invention contains one or a 
negative electrode beyond it, one anode, these negative electrodes and an anode, and an 
electrolysis solution that can dissolve. With suitable arbitrary positive pole substances, it can be 
used for a rechargeable battery combining a substance which forms a negative electrode of this 
invention. . It must be familiarity if such an ingredient and structure of an anode are those who 
****(ed) on art of this direction, so much — ********** — although — compound; amorphous 
silicon oxide; which inserted lithium metal; carbon, Cork, a graphite, carbon-containing material; 
aluminum suitable in addition to this, or lithium, and a transition metal oxide. A sulfide, a nitrogen 
compound, an oxygen nitride, oxygen carbide, etc. are included. The best positive pole 
substances are Cork and a graphite. An electrolyte of a known fluid or a solid in this suitable 
direction [ that a cell containing a negative-electrode substance by this invention is arbitrary 
again ] that can be dissolved, so much — ********** — although — polymer electrolyte; solid 
state ceramics of a solid state (solid state). What presents high lithium ion conductivity and the 
conductivity of a low electron with glass or a glass ceramic electrolyte, For example, lithium 
borosilica glass, a lithium aluminum nitride, and lithium borophosphosilicate (lithium 
borophosphosilicate); and one sort, or lithium salt beyond it. for example, lithium arsenic — 6 
fluoride (lithium arsenic hexafluoride), One sort or an organic solvent beyond it of lithium 
phosphorus 6 fluoride (lithiumphosphorous hexafluoride), a lithium fluoric acid salt 
(lithiumchlorate), etc. It is what was dissolved in a mixture of for example, (ethyl carbonate 
(ethylcarbonate), dimethyl carbonate (dimethyl carbonate) and diethyl carbonate (diethyle 
carbonate), or these mixtures). An electrolysis solution used together with a cell which used 
Cork and a graphite as an anode LiPFg of a (i)1 1 .49% weight ratio, Dimethyl carbonate of a 29.39% 

weight ratio, a mixture of ethylene carbonate of a 59.1 1% weight ratio, and lithium phosphorus 6 
fluoride of 1 mol of (ii)s are the solutions etc. of a solvent which contained dimethyl carbonate of 
a weight ratio 55% with ethyl carbonate of a weight ratio 45%. 

[0060]A secondary cell containing a negative electrode formed by a substance by this invention 
is assembled by various kinds of structures good [ this ] and known. These are constituted a flat, 
a cartridge, and in the shape of SUPIRARU, although not necessarily restricted to this. It is good 
for structure of a cell containing an anode using Cork or a graphite to use a separator of the 
polypropylene (polypropylene) or a product made from polyethylene. At the time of charge of a 
cell, the amount of % of lithium in an active substance of a negative electrode is a quantity which 
is sufficient for a counter electrode being saturated among a cell by this invention. A negative 
electrode and the anode must let an electrolysis solution which certainly contacts two 
electrodes pass, and it must not have the ability to intercalate a lithium ion in the other party. 
There are some which contain a separator of a negative electrode which has the composition of 
Li 1 1 nickel 0 75 Co 0 25 Mg 0 ^O^, an anode of Cork, an electrolysis solution based on LiPFg, and a 

product made from polypropylene as a good example of the secondary cellular structure by this 
invention. 

[006 1]A method of manufacturing a substance by this invention is an exact chemicals numerical 
orientation method, provides a chemical specified first and creates a uniform solid, combining 
them suitably. What is called "a uniform solid" here points out that separation of an element 
required for a chemical contained in it is controlled by the minimum. This uniform solid is heat- 
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treated after that under conditions which can perform generation of an active substance. Here, 
an active substance points out a substance which can intercalate a lithium ion in the structure, 
or can solve intercalation in each process of discharge and charge. There is no such character in 
an inactive substance. 

[0062]A substance by this invention is a process based on the chemicals technique of a 
substance of a single configuration generable with an activity gestalt which has the presentation 
of this invention within the limits, or a multiplex gestalt, and is a solution (a thing compoundable 
with a wet solution (wet solution) is pointed out.) of arbitrary solid states or a wet type. A proper 
method of generating a substance of this invention is clear to those who knew well about art 
about a cell, for example, sol — it is composition and a solution chemistry synthesizing method 
of solid states, such as -**** (sol-gel) composition, low-temperature chemosynthesis, and a 
solution chemistry process. As one of the techniques, a thing applicable at present is a known 
proper synthesizing method, does not need an excessive experiment but generates a negative- 
electrode substance which has the presentation of an activity gestalt which selects a proper 
parent substance again, and for which it wishes. With a selected synthesizing method, a parent 
substance is chosen under a room temperature and it mixes within a solid state or a liquefied 
solution. A substance generated with a synthesizing method heat-treats an active substance 
which has the crystal presentation of this invention in it with a single configuration or a multiplex 
gestalt in a temperature requirement proper for obtaining. 

[0063]Four examples of a method of explaining in full detail below are suitable for generating a 
substance of this invention. The following examples are not all in it and those who knew well 
about art of this direction of countless others have a clear method. So, it is only presenting 
explanation, and these examples are interpreted as restricting the range of this invention, and let 
them be colander things from **. 

[0064]Those necessary in a soluble chemical containing the number of mols of a necessary 
element with chemicals quantity and it dissolve into a proper solvent or a synthetic solvent, and 
form a uniform solution. I will mention a soluble compound as an example which can be used for 
each lithium, nickel, a transition metal, and a periodic table group II element to Table 2. 
]0065] 
[Table 2] 



Li 


N3 


(TM) 


Ttm <G2) 




Ni7tf-h 




GZZYV-Y 
(nitrate) 




Nl)Mi*-|>* 


TMrFk-F 


G2Mtam<(f* 




NIMFntfcNF 




G27tf-F 


(formate) 


N17*-jH 


"TMMFDttiMF* 


G2*-**-F* 


LIZM^F 


(acetylaceto 
nate) 




G27*-;l*4 




Nl-FV-K 




G2**iMF* 







[0066]The identity of a suitable solvent is decided by the identity of a soluble compound, for 
example, they are 80% water / 20% ethanol, 95% methanol / 5% water, etc. as a possible solvent 
as water, ethanol, methanol, ethylene glycol, or those combination, for example, each volume. A 
solution is dried from it at a higher temperature near the boiling point of a solvent or a partially 
aromatic solvent or, always being agitated. The technique of desiccation is chosen from various 
kinds of known techniques, for example, air-drying, or vacuum drying accompanied by churning. 
[0067]When evaporating one or a solvent beyond it and a chemical to begin joins together 
homogeneously, a uniform solid remains. A chemical to begin needs to be combined (combining 
homogeneously) homogeneous to form a substance of a pure single configuration. A solid 
obtained after evaporation is heat-treated under a proper state, although an active substance of 
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this invention is provided after that. As possible heat treatment, there is a method of heating in 
the about 2 to 1 0-hour air among about 600 to 850 **. heated air — stillness — or controlled 
circulation is carried out or a fresh air is made to blow into a heating furnace In stationary air, 
such one more example of the heating technique has a method of heating a substance at 
temperature of 800 ** for 2 hours by a part for heating and 2 ** of cooling-rates/. If the other 
heating techniques are those who knew well about art of the conventional battery manufacturing, 
they must be familiarity. 

[0068]- Make it dissolve in the suitable organic solvent combined with the substance completed 
with the gelling method lithium hydroxide (lithium hydroxide) or a proper parent compound 
including one or the transition metal beyond it. As a solvent, methyl alcohol is good. The 
chemical having contained the necessary periodic table group II element is dissolved in water, 
adjusting a pH value. If necessary, the chemical will be held in a solution. Other parents of lithium 
hydroxide may be contained in a solution, and the grade which can form necessary molar 
quantity and a chemicals calculation top active substance may be sufficient as the quantity. The 
identity of a possible parent compound is the same as that of the case in the agitating method. It 
is mixed, and two solutions are neglected until gelling takes place. Then, it dries in the rotary 
evaporator which is not a vacuum or a vacuum in a drying furnace, and gel obtains solid matter. 
The solid is processed by the method relevant to the further above-mentioned agitation means, 
and generates the substance of the activity gestalt by this invention. 

[0069]- Mix mechanically the proper parent chemical containing the element of lithium of the 
method necessary number of mols of a solid state, and the quantity on chemicals calculation, a 
transition metal, and a periodic table II group, the parent chemical considered to be proper in the 
synthesizing method of a solid state — for example — so much — ********** — although — 
what combined one of a nit rate, hydroxide (hydroxide), carbonate, acetate, and the formate or 
them is included, the mechanical method of creating the mixture — ** and a pestle — it is, and 
use or the process of grinding (milling) by with and an attrition mill, grinding (ball milling) by a ball 
mill, or other polish machinery has, and creates a uniform mixture. If such machinery processes 
are those who knew well about the art of this direction, they must be familiarity. The created 
mixture becomes the single activity gestalt or the mixed gestalt containing a necessary 
compound through heat treatment. It circulates or the method of the usual heat treatment heats 
a mixture at 600-800 ** in the flowing stationary air for about 5 to 20 hours. As an example of 
such heat treatment, a mixture is heated for 10 hours by 750 **, 2 ** heating for /, and a 
cooling rate. If other heat treating methods are those who knew well about the art of this 
direction, they must be known. Although based on the powder heat-treated during advance of 
heat treatment, the thing which exchange the atmosphere the flash plate (flush) or in a furnace 
and for which it lends and generating of dangerous gas is prevented according to separation of 
the electric charge in a furnace is also desirable. 

[0070]- a spray drying method — necessary chemicals — dissolve a start substance suitable in 
the proper solvent containing a calculative quantity of lithium, a necessary transition metal, and 
the element of a periodic table II group which provides a clear solution. The parent substance 
which can be used, and the solvent are the same as that of them which are used by the agitating 
method. The pH value of a solution is adjusted by addition of optimum dose of organicity, an 
inorganic base, or acid. There is nitric acid or chloride in an above-mentioned base and acid, for 
example. A solvent contains the avirulent solvent beyond one or it generally known, for example. 
A clear solution makes air spray form gas by a spraying nozzle, and ** ON is carried out to the 
interior of a room held at a temperature higher than the drying temperature of a solvent. This 
evaporates a solution, and it lets indoors the air which heated this interior of a room from the 
outside, or was heated pass in order to obtain the dry powder. The dry powder is separated from 
the gas which deploys with a sensation eliminator. After that, the collected solid is suitably heat- 
treated at the temperature more than decomposition temperature, and becomes an active 
substance. This heat treatment procedure may be the same as that of above it of the agitating 
method. 

[0071]- The sample of the active substance by electrochemical characteristic this invention is 
created in some above-mentioned procedures, and has the character on the electrochemistry as 
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the negative-electrode substance tested in the following procedure. It is acetylene black (from 
acetylene black, Super S, and MMM Carbon) to a powdered active substance. [ and ] willecbroek. 
Belgium, The copolymer binder (copolymer binder, Scientific Polymer Products, Ontario, ethylene 
propylene copolymer that carried out partial mixing of 60% of the ethylene made from New York). 
The mixed thing is dissolved in trichloroethylene (trichloroethylene, Aldrich, **** chemicals 
class). It is added in the solution of a binder, and an active substance and the mixture of 
acetylene black are agitated until it becomes mud-like. Slime is applied on the flake of aluminum 
and dried in the air for 1 2 hours. In the negative electrode in which the last dried the active 
substance, and acetylene black and a binder, the weight ratio is as follows. That is, it is 81.06% of 
active substance, and acetylene black 7.6%, and copolymer binder 5.34%. The negative-electrode 

disk of 1-cm 2 area is punched from the flake to which it was applied, and it is dried at the 
temperature of 130 ** under a pressure lower than 0.1 inch of vacuum mercurial columns for 12 
hours. The dry negative electrode The anode of the piece of a lithium metal, a lithium metal 
reference electrode, ethylene carbonate and dimethyl carbonate (the electrochemistry grade.) of 
a separator (product of Whatman GF/D, Whatman Inc. Haverhill, and Massachusetts), and 2:1 
weight ratios It is tested by 3 electrode cells which consist of an electrolysis solution which 
contained LiPF g of 1 M in the mixture of FMC Corp and LithiumDivision. 30 cycles of cells by 

which the assembly was carried out are tested by current density 0.25 mA/cm 2 of constant 
value in the voltage range of 3.1 V to 4.4V. The cell capacitance of each telophase of a discharge 
cycle was also calculated. 
[0072] 

[Example]The example of the substance by following this invention is formed in a negative 
electrode in a procedure shown above, is assembled as a cell, and has the character on the 
electrochemistry tested. I would like you to merely understand that these examples are only one 
representation in the vast scope of this invention. 

[0073]LiNi 075 Co 025 Mg 003 O p generated by the example 1 gel method (2.03< p<2.06) 

0.1 mol of lithium hydroxide is dissolved in 30 ml of water, and a clear and transparent solution is 
created. Independently, 0.075 mol of nickel acetate (Aldrich, 98%) and 0.025 mol of cobalt acetate 
(Aldrich, 99%) are dissolved in underwater [ 150-ml ], and a violet transparent and dark solution 
is made. 0.003 mol of magnesium hydroxide was independently dissolved in the water containing 
1 ml of nitric acid [ 70% of ]. And the lithium hydroxide solution and the magnesium hydroxide 
solution were added in cobalt and the solution of nickel acetate. The violet dark suspension 
(suspention) which became muddy now was formed. 90 ml of ethyl alcohol (200proof) was added 
in this suspension. It was sure of addition of alcohol making removal of an acetate groove easy 
from the solution of acetate by generation of ethyl acetate. Since the boiling point of ethyl 
acetate is low, it is easily removable by the following drying step. 

[0074]This suspended violet dark solution was dried at 120 ** under a 500-mb vacuum for 3 
hours. The pressure decreased to 100 mb under 140 ** after that for 1 hour, and secured 
perfect desiccation. About 20-g hard solid vitrified at a violet was generated in the procedure of 
this desiccation. The 6-g powder of the draft of these foundations generated about 2.8 g of 
lithium nickel cobalt magnesium oxide through 800 ** heat treatment of 2 hours in the air. 
[0075]This powder was characteristic-ized by the diffraction of X-rays, the secondary cell was 
formed, and the character on electrochemistry was evaluated like the above. The diffraction 
pattern of X-rays is a substance in which the R-3~m crystal structure of the rhombohedron of a 
single configuration is shown like drawing 2 , and the lattice parameter is a= 2.840 A and c= 
14.100A. The curve which plotted the amount of specific volume of the substance with the 
function of the number of cycles is shown in drawing 3 . In addition in drawing 3 , the amount of 
specific volume of the compound without magnesium was plotted by lithium nickel cobalt oxide 
(LiNi Q 75 Co Q 25 0 2 X Although generation of this LiNi 075 Co 025 O 2 used the same method as 

generation of LiNi 075 Co 025 MgQQ 3 O p used in this example, it does not contain hydroxide 

(magnesium hydroxide) of magnesium. 

[0076]The lithium nickel cobalt oxide substance having contained magnesium according [ drawing 
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3j to this invention shows the fact of having a very good fading characteristic. Although phasing 
of the substance having contained magnesium is 0.1%/only a cycle above 30 cycles, the 
substance which has not added magnesium compared with it shows 0.46%/a cycle. The 
substance by this invention is the same as that of other processes of repetitive composition 
being carried out in the above-mentioned process, and being explained in the following examples. 
And in each case, if shown in this example, the same necessary phasing character is shown. 
[0077]LiNi 075 Co 025 N 03 O p generated by the example 2 gel method (2.03< p<2.06, N=Ca, Ba, or 

Sr) 

The lithium nickel cobalt oxide substance doped with calcium, barium, and strontium, As a 
starting substance, 0.1 mol of lithium hydroxide and monohydrate (monohydrate), It compounded 
in the procedure of the above-mentioned Example 1 using nickel acetate and 4 0.075 mol 
hydrate (tetra hydrate), cobalt acetate and 4 0.025-mol hydrate and 0.003 mol of calcium 
hydroxide, barium hydroxide, or strontium hydroxide. Then, it dried with the rotary evaporation 
method and the obtained gel received 800 ** and heat treatment of 2 hours in the air. It turned 
out that addition of calcium serves as a substance of a single configuration by the X-ray 
diffraction pattern obtained from powder, and addition of strontium and barium has only the 
impurity minimum in the form of hydroxide (hydroxide; hydroxide). It was sure of contributing the 
X-ray diffraction pattern which received from the substance containing strontium and barium to 
an improvement of the cycling act of a compound, as a characteristic lattice parameter and a 
peak intensity ratio show drawing 4 dissolving into the grids structure of the active substance of 
strontium and barium. Reduction of the capacity of the substance by which the substance doped 
with calcium and strontium was slightly doped with 0.3%/a cycle and barium by reduction in 
capacity was 0.4%/a cycle. 

[0078]LiNi 075 Co 025 Mg 003 O p generated by the example 3 spray-drying method (2.03<=p<=2.06) 

0.15 mol of nickel (II) — acetate and 4 hydrate (Aldrich) and cobalt (II) acetate and 4 0.05-mol 
hydrate were dissolved in 220 ml of methanol. Independently, 0.2 mol of lithium hydroxide 
(Aldrich) was dissolved in 100 ml of methanol. Independently, 0.006 mol of magnesium hydroxide 
was dissolved in 400 ml of water together with 2 ml of 70% nitric acid, and the clear solution was 
obtained. After the, the lithium hydroxide solution was added to the methanol solution containing 
cobalt and a nickel chemical, and the sediment by remelting was generated after churning for 20 
minutes. Before performing spray drying, the solution of magnesium hydroxide was added to the 
methanol solution which contains the chemical of lithium, cobalt, and nickel by suitable chemicals 
computational complexity. Spray drying of the clear solution obtained at the end was carried out 
using equipment possessing the following parameter. 
[0079] 

Peristaltic-pump speed (Periataltic pump rate): 12-13 ml/min. 

spray form gas: — temperature [ of heated air for compressed air desiccation of 1.5 kgf/cm ]: — 
230 ** aspirator speed (Aspirator speed):70 - 100 L/min. 

In order to provide an active substance, in the stable air, the generated powder was heated by 
heating and the cooling rate of 2 ** / min for 2 hours at the heat furnace temperature of 800 **. 
The advantages of the above-mentioned process are the convenient high specific surface area 
for composition, a size distribution of particles [ **** ], and the size of a small crystal. 
[0080]This heated powder was characteristic-ized by X-ray diffraction, and after being formed in 
the negative-electrode substance of a rechargeable lithium-ion battery in the above-mentioned 
procedure, the performance on that electrochemistry was evaluated. The X-ray diffraction 
pattern and cycling act were respectively shown in drawing 5 and drawing 6 . The X-ray 
diffraction pattern of drawing 5 presents the R-3-m structure which the characteristic of the 
substance of a single configuration stratified. Drawing 6 presents the fact of only reduction of 
the capacity of 0.1 %/a cycle slightly above 30 cycles with the cycling stability in which the 
^"^'o 75^°0 25^0 03^p su bstance by this invention is very good. 

[0081]LiNi 075 Co 025 Mg 003 O p (2.03<=p<=2.06) compounded by the example 4 solid-state-ized 
method 
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Lithium hydroxide and monohydrate (monohydrate) (chemical-formula-weight =41.96, Aldrich) 
were ground for 10 minutes by ** made from a pestle and alumina at first, and fine powder was 
obtained. And 0.0066 mol of magnesium hydroxide (chemical-formula-weight =58.33, Aldrich) It 
adds to lithium hydroxide powder and grinds for 5 more minutes. After mixing and grinding lithium 
hydroxide and monohydrate, and magnesium hydroxide careful, 0.165 mol of nickel hydroxide (II) 
(chemical-formula-weight =92.73, Aldrich), and 0.055 mol of cobalt hydroxide (II) (chemical- 
formula-weight =92.95, Aldrich) Mixed polish was added and carried out for further 15 to 20 
minutes, and uniform powder was generated. Acetone (30 ml) was added to this powder, and 
after mixing by the spatula and making it paste state, it put into the crucible of aluminum and 
heat-treated. In air, this powder collected the patterns which carried out diffraction through X- 
rays on it, after being heat-treated at 750 ** for 2 hours. 

[0082]In the procedure of said example, the negative electrode of the lithium secondary battery 
was formed and the performance was tested. The stability of the pattern which carried out 
diffraction through the X-rays of the substance, and cycling is shown in drawing 7 and drawing 8 . 
The pattern which carried out diffraction through the X-rays of drawing 7 shows the physical 
properties of the single configuration which has a crystal structure, and it is the same as that of 
the substance manufactured in parenchyma top example 1 . This substance shows the very good 
cycling stability of about 0.08%/a cycle. 

[0083]By the pure substance of substance this invention of this invention in which example 5 
magnesium levels differ. The presentation of a chemical formula (1), 
U 1 03 nickel 0 75 Co 0 25 Mg 003 O 22 , Formation of the gestalt which has 

'-'l.05 n ' c ^ e 'o.75^°0.25^' g 0.05^2.10 anc ' ^'l O n ' c ^ e 'o 75^°0 25^ g 0 1 ^2 2' ' s c ° m P'eted using proper 
chemicals compound LiOH and nickel (OH) 2 [ which have a calculative quantity ], Co(OH) 2 , and 
Mg(OH) 2 . Those compounds are made by being heated under 750 ** for 5 to 10 hours in a 

furnace, after grinding and mixing with a pestle by **. Especially a furnace (Lind berg Model 
51524 box furnace) is heated to 2 **/min.750 **, and after being held at the temperature (750 
**) for 10 hours, it is cooled to room temperature by 2 ** / min. In a furnace, the stationary air 
is used at the time of heating. Powder is fixed on the crucible of aluminum oxide (aluminum 
oxide) in a furnace, and is heat-treated. 

[0084]The pattern by which diffraction was carried out through the X-rays of substance Mg Q03 , 

Mg Q 05 , and Mg Q A is respectively shown in drawing 9 (a), drawing 9 (b) t and drawing 9 (c), and 

shows the characteristic as a pure gestalt substance within the R-3-m arrangement of 
rhombohedron. As for the character of the pure gestalt of a substance, a divalent magnesium 
positive ion occupies not the crystalline lattice of lithium but the crystalline lattice of a transition 
metal, it — the number of crystalline lattices of lithium — nickel, cobalt, the sum of that of 
magnesium, and a phase — it is because it is equal. 

[0085]The same process as generation of the pure gestalt substance above-mentioned now is 
used for the composition of the lithium nickel cobalt oxide substance doped with three kinds of 
different magnesium which has the presentation of the above-mentioned general chemistry type 
(II) by this invention. The difference of three sorts of compounds is a chisel about the contents 
of magnesium. The quantity of a different reactant used to generate the nominal presentation 
(nominalcomposition) of these substances and each substance is enumerated to the following 
table 3. 



[0086] 
[Table 3] 




L1-/W Hn 


Ni-7-t 


Co-7-fe 


Me-/\-f H 


IJNkrriCcxusMgooSOpt* 


0.1 


0.075 • 


0.025 


0.005 


LiNkrsCOoJsMgaidO.j* 


0.1 


0.075 


0.025 


0.01 


UNL«COaisMgaHiO»3* 


0.1 


0.075 


0.025 


0.02 



*2.05^pl^2.1 ; 2.10^p2^2.2 ; cfc <fctf2.20;£p3;S2.4 
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[0087]The patterns shown by the diffraction of the X-rays of each substance shown in Table 3 
are the two characteristics of a single configuration substance, and are the same as that of it of 
the substance generated in Example 1. The amount of specific volume in the case of exceeding 
the discharge - the recharge cycle of 30 of these three sorts of substances is shown in drawing 
10 . The capacity of a substance is reduced according to the increase in the content of 
magnesium. However, the stability of cycling is maintained. Although it is shown that the stability 
of drawing 1 0 of capacity improves according to the increase in the content of magnesium, it is 
the increase in the content of magnesium and the absolute value of capacity is reduced. When 
the ratio of magnesium is 0.05 or 0.1, phasing of the capacity per 1 cycle is 0.1%. 
When the ratio on chemicals calculation of magnesium is 0.2, phasing of capacity is only 0.04% 
per 1 cycle. 

[0088]The group of the lithium ion negative-electrode substance composed by Li 1 _ x Q x/2 ZO m 

was opened to the United States patent number 5,591,543 of characteristicHzed Peled et al 
publication of the substance by this invention advanced furthermore. Z is the transition metal 
selected from cobalt, nickel, magnesium, iron, vanadium, etc. in it, and Q is an element of the 
periodic table II group selected from calcium, magnesium, strontium, and barium, 
m takes the value of 2 or 2.5 with the identity of Z. 

The artificer of a patent of the United States patent number 5,591,543, Some divalent positive 
ions in Li 1 _ x Q x/ 2 Z0 2 substance occupy the lithium crystal lattice in a crystalline lattice, Some 

divalent positive ions are carried in a substance in the form of oxide and carbonate, and it is 
interpreting [ acting the drier of an electrolysis solution, and ] in the case of cycling of a cell. 
[0089]The unique characteristic of the substance by this invention becomes clear promptly from 
the composition of the different atom compared with the substance of a patent of the United 
States patent number 5,591,543. Although all or some periodic table II group additives occupy 
the crystalline lattice of the transition metal layer in the substance by this invention, according 
to explanation of the artificer of a patent of the United States patent number 5,591,543, the 
additive of the patent substance occupies the crystalline lattice of a lithium layer, this invention 
person does not have phasing with the remarkable substance, and it was shown that it can 
charge to 4.4V. It is only that the substance of a patent of the United States patent number 
5,591,543 can carry out a cycle to 4.2V. This difference of 0.2V is remarkable. If it becomes 
what, the difference of 0.2V makes the difference of the amount of specific volume of 30 mAh/g 
produce, and higher capacity and higher voltage mean the energy density of a practical higher 
substance, for example. The result is remarkable also although it is called the small improvement 
in 10 mAh/g. In the case of the stratified compound, the curve of voltage pair charge is 
comparison top flatness in a curved high voltage end typically. And in improvement to 30 mAh/g, 
this invention is finished at least. 

[0090]The substance by this invention has a substantial pure gestalt again. To the substance by 
the patent of the United States patent number 5,591,543, against it. The metallic oxide of a 
periodic table II group or the impurity of carbonate is mixing, and according to the artificers 
explanation, the cycling act of the substance is regarded as the appropriate sake of the dry 
result of the electrolysis solution by an impurity. This invention persons conclude that existence 
of oxide and a carbonate gestalt is not required for achievement of the improvement in a 
recycling thing of the active substance of this invention. Instead of it, it is sure of the stability on 
the structure of the gestalt of the active substance of this invention about the character on the 
electrochemistry of a substance. This invention persons make comment [ have / compared with 
the latter / the former / as compared with them of a patent of the United States patent number 
5,591,543 / in phasing of the capacity of a substance, and capacity by this invention / far 
remarkable improvement ] again. 

[0091]As a result of the following Examples' 6-10 comparing the substance by this invention, and 
the substance open to the patent of the United States patent number 5,591,543, it checked that 
there was a difference like the above. 
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[0092]Compound ^ 0 5 nicke, 0 75 Co 0 25 Mg 0 05°2 10 by example 6 this invention, 
Lij io nickel 0.75 Co 0.25 Mg O .1^2 .2' After b e' n g compounded using the process of a solid state, it was 
analyzed chemically (setting to Gal braith Labs Inc), and the number of mols of oxygen in a 
substance, nickel, cobalt, and magnesium was determined. Before analyzing, each compound was 
dried at 1 50 ** under the vacuum for 3 hours. The results of analysis were enumerated to the 
following table 4. Table 4 has pointed out that the number of the crystalline lattices of oxygen in 
each compound is generally equal the twice of the sum of the number of crystalline lattices of 
nickel, cobalt, and magnesium. The positive ion added now on parenchyma to the Li 1+x nickel 1 _ 

y MgN x 0 2 ( 1+x ) substance of this invention of the whole periodic table II group checked occupying 

not the crystalline lattice of lithium but the crystalline lattice of a transition metal. 

[0093] 

[Table 4] 









LkosNkrECOi2&Mgao^>2j o 


■J^tfi* 6.98 % 


Ua»s(NlCo) muMgcuwdO «so 


~V>T)i> 43.90% 


XJVVh 14,68% 


^*>">A 1.09% 


LlLH)Nlck75Mg0.lOl2 


6.91% 


Liua»(NlCo) u<MgaoKOn 96 


~y>T)V 43.70% 


ZXJVVV 14.18% 


2.19% 



[0094]Example 7 charge, charge of substance □ 1 0 5 nicke, 0 75 Co 0 25 Mg 0 05 O 2 10 by dischar e e 
curve this invention and Lij io nicke 'o.75^°0 225'^ g O 1^22' anc * a discharge curve are shown in 

drawing 1 1 . This curve was obtained by the constant current of current density A/cm 2 of 
10micro, and the test cycle between 3.1 to 4.4V. Since the current value is small, as shown in 
the following formula, the voltage measured with the electrometer must be close to open-circuit 
voltage. The electrical resistance I of the current R= substance which passes along a 
V detected =V opencircuit +IRI= substance Namely, when very small, As shown in V detected =V Qpencjrcuit 
drawing 1 1 , according to the increase in the quantity of magnesium also in the content (shown in 
the X-axis) of the same lithium, a voltage level becomes large. The measured voltage reflects 
this relation (for example, when it exists in nickel 3+ LiNi, 3.8 v). When it exists in nickel 4+ Ni0 2 , the 

oxidation state of the positive ion of 4.5V and a transition metal increases by increasing the 
divalent positive ion added in this invention substance. The oxidation state of a transition metal 
increases, only when a divalent positive ion occupies the crystalline lattice of a transition 
metal.therefore, the thing which can be further checked by this drawing 1 1 — substance Li of this 

invention - the divalent positive ion in 1+x nickel 1-y M y N x°2(1+x) is occupying the crystalline lattice of a 
transition metal. 

[0095]Substance ^03 nicke, 0.75 Co 0 25 Mg 0 03^2 06 ^ y content this invention of the divalent cation 
in a negative electrode before and behind example 8 cycling, Li 1 0 5 nickel o 75 Co 0 25 Mg 0 05°2 10' 
And the content of magnesium in the negative electrode formed from 
^1.10 n ' cke 'o.75^°0.25^ g O. 10^2.20' Be f° re anc * after cycling, by an energy dispersion 
spectroscopic-analysis method (energy disperdive specrtoscopy, EDX). The magnesium content 
of a test, the negative electrode before cycling, and the negative electrode tested in other 30 
cyclings (30 charge and discharge) is measured and determined. The result of EDX is shown in 
Table 5. The loss of the magnesium content was hardly observed in the doped negative 
electrode after cycling. Such a result suggests not losing the element of a periodic table II group 
in cycling. In contrast, the substance of a patent of the United States patent number 5,591,543, 
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There is the characteristic of the operation mode of disappearing in an electrolysis solution, in 
the form of alkaline earth carbonate (alkaline earth carbonate) and oxide which the element of 
the periodic table II group dissolved into cycling. 

0096] 

Table 5] 













Mg;4.47% Co:23.45% Nl: 72.07% 




Mg;5.02% Co:23.58% Nl:71.40% 


Lh-osNfo tsCOcj sMgaii jO 2.10 




Mg:8.98» Co:24.06% Ni:66.97% 




Mg:7.815K Co;23.50% N1:68.699S 


IiuoNkraCousMgiucOuo 




Mg:12.89* Co:22.24& NL64.87& 




Mg:12,53% Co:21.54& NL65.935* 



[0097]The rechargeable battery which uses the negative-electrode substance enumerated to the 
divalent cation content table 5 in the electrolysis solution before and behind example 9 cycling, 
The magnesium content in the electrolysis solution (UPF 6 of a 1 1 .49% weight ratio, dimethyl 

carbonate of a 29.39% weight ratio, and ethylene carbonate of a 59.1 1% weight ratio) before and 
behind cycling is measured even to a ppm level with a method of chemical analysis. The result is 
shown in Table 6. In the negative electrode itself, the difference of the magnesium content in an 
electrolysis solution can hardly be accepted after cycling. The result of having tested the 
electrode after 30 cycles is also the same, this result — substance Li _ the ^^j^ meta j 

crystalline lattice in 1+x nickel 1-y M y N x°2(1+x) was occupied with magnesium and other divalent 
positive ions among cycling, and it was checked that it is not extracted from a negative 
electrode to an electrolysis solution. 
;0098] 
Table 6] 





(ppm) 




5.7 


Lito»NIarBQX2sMgao/Dao6^.S 


7.9 


LiLosNlaTsCOoisMgcuisOzio^fi 


7.3 


3 o*M9)\,&<awim 

IiLioNlaTECOueMgaiiOuD^S 


7.1 



[0099]As shown in Table 6, an increase slight to the magnesium content of an electrolysis 
solution is seen after cycling, but if it does not originate in a negative-electrode substance, it will 
be believed. It does not seem that it is related to improvement in the recycling efficiency of the 
tested substance that excessive magnesium exists in an electrolysis solution among cycling at it. 
First, if the original (initial) magnesium content in an electrolysis solution does not have addition 
of a divalent positive ion, it cannot remove the fading characteristic of a substance. Next, the 
increase in the magnesium content by the negative-electrode substance from the start is size 
on parenchyma from a little increases measured by the chemical analysis. For example, in 
Li 1 o n ' cke 'o 75^°0025^ g 0 10^2 22' ^ e we '£ht of the electrolysis solution used for the test cell was 
1.0753g, and the weight of the negative electrode was 0.01 12g. The weight of magnesium in 
4.7883x10 g and an active substance of the weight of the activity physical properties in a 
negative electrode should be about 1.1 025x1 Og. Supposing all of magnesium sink in in an 
electrolysis solution, the weight of the magnesium measured should be set to about 1 02.53 ppm 
(g/1.0753g of 1.1025x10 ~ 4 ). The weight differences in the electrolysis solution of magnesium 
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before and behind cycling are 1.4 ppm slightly, and it is about 1% of all the magnesium contents 
of a negative-electrode substance, so, the magnesium which moves from a negative electrode to 
an electrolysis solution among cycling — there is also nothing — it is same. 
[0100]The increase in the slight magnesium in which this invention persons were measured 
believes with what is within the limits of a test error. If the increase in magnesium in an 
electrolysis solution does not depend all on a test error, the source (source) of excessive 
magnesium will be a structure part of the cell probably assembled. The detergent containing one 
sort or the magnesium compound beyond it washes it for reuse. 

[0101]As explained to the patent proposal of the United States patent number 5,591,543, the 
artificers of this proposal believe that that the compound of a periodic table group II element 
dissolves into an electrolysis solution during charge raises the cycling act of the substance open 
by the patent. The above-mentioned result has change of the magnesium content in the cell by 
this invention which carried out iterative cycles within the limits of an experiment error, and 
shows that it is not for a divalent cation to secede from a negative electrode and to dissolve in 
an electrolysis solution. So, the improvement in the capacity of the substance of this invention is 
not for the dissolution of group ion, and it will be rather based on the stability on structure with 
which the substance of this invention was strengthened. 

[0102]The weight loss of the time-of-commencement substance in TGA analysis heat treatment 
of example 1 0 weight loss is used for the crystalline lattice of this invention substance becoming 
final and conclusive the amount of the position occupied by the divalent cation. In this invention, 
if magnesium ion occupies the crystalline lattice of nickel or cobalt, Based on theoretical atomic 
crystalline-lattice ratio Li:nickel(or Co):0=1:1:2, oxygen on chemicals calculation becomes twice 
the sums, such as nickel, cobalt, and magnesium, and becomes twice lithium. On the other hand, 
if the positive ion of magnesium occupies the crystalline lattice of lithium, oxygen on chemicals 
calculation will become only the sum of nickel and cobalt like the patent of the United States 
patent number 5,591,543. According to the patent of the United States patent number 5,591,543 
in the reason, the quantity of lithium must be replaced by a divalent cation based on the balance 
of charge. That is because two lithium ions are replaced by a divalent cation like one magnesium. 
If nickel:Co:Mg=0.75:0.25:0.1 [ as a case on explanation ], when all magnesium positive ions are 
located in the crystalline lattice of nickel (or cobalt), a chemical formula becomes 
L-'i io n ' c ^ e 'o75^°0 25^ g 0 1^2 2* ^ a " ma S nes ' um positive ions occupy a lithium crystal lattice 
corresponding to it, based on crystalline-lattice ratio charge balance, it will become proper 
chemical formula Li ag nickel 0 75 Co Q 25 Mg Q ^O z - So, as a compound at the time of the start of 

LiOH-H 2 0, nickel(OH) 2 , Co(OH) 2 . and Mg(OH) 2 a solid state method, Chemical formula 
Li j io n ' c k e 'o25^°0 25^ g 0 1^2 w ' 1 ' c ' 1 this invention proposes should become effective, a solid 
state method — compound Li 080 of a patent of the compound and United States patent number 
5,591,543 — the difference in the structure between nickel 075 Co 025 Mg 0 1 0 2 should be 

presented. It is magnesium of 0.1 in the molar fraction of the atom of the divalent cation dopant 
of the latter compound. 

[0103]Generating of theoretical weight loss while compounding two sorts of compounds is 
calculated by the following method. In order to compound it 1 mol to 

Li 1 10 nickel 075 Co 025 Mg 01 O 22 , LiOH-H 2 0 and 0.75-mol nickel(OH) 2 1.1 mol, 0.25 mol Co(OH) 2 , 

and 0.1 -mol Mg(OH) 2 are needed theoretically. At namely, the reaction of 1.1 LiOH- 

H 2 O+0.75nickel(OH) 2 +0.25Co(OH) 2 +0.1Mg(OH) 2 + heat treatment-Li 080 nickel 075 Co 025 Mg 0 A Q 2 

**. At the time of a start, theoretically, the substance 144.78g should estimate 28.16% of weight 
loss calculatively, and should have 104.015 g of output. 

[0104]To Li 080 nickel 075 Co 025 Mg 0 jOg. the same reaction, that is, 0. 8 LiOH-H 2 O+0.75nickeL 

(OH) — 2 +0.25Co(OH) 2 +0.1Mg(OH) 2 + heat treatment-Li 080 nickel 0 75 Co 0 25 Mg 0 1 p z — a 

substance theoretically 96.302-g synthetic compounds in this case at the time of a 132.188-g 
start, [ generate and ] Calculative weight loss will be 27.1 5%. 
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[0105]The two above-mentioned reactions plotted the weight loss of operation which carried out 
in the laboratory and was measured by theory-of-heat gravimetric analysis (TGA) to drawing 12 . 
All the actually produced weight changes were adjusted and enumerated to the following table 7 
between the compound at the time of a start, and the output at the time of last. 



;oio6] 

iTable 7] 










fH?KJ:*S3 




OSS (mg) 


3 (mg) 






L i N i 


19. 664 


14. 14 7 9 


2 8.05 


2 8. 1 6 


C oMgO 










L i N i 


1 8. 7 8 0 7 


13. 6 6 6 5 


2 7.23 


2 7. 15 


CoMgO 











[01 07]The result depended on TGA enumerated to Table 7 affirmed the accuracy of the 
chemical formula of substance Li 1 10 nickel 075 Co 025 Mg 0 j0 22 of this invention. Again TGA 

analysis by measurement of different weight loss under heat treatment. It searched for the 
difference in the structure between both the substances of □ 1 ^o n ' c ^ e 'o75^°0 25^ g O 1^2 2 °^ ^is 
invention, and L» 0 80 n ' cke 'o 75^°0 25^ g 0 1^2 °^ a P atent of the United States patent number 
5,591,543 without the doubt. By checking the chemical formula of a substance, the position of 
the difference in weight loss or the divalent cation of a substance can also be checked. And the 
position of the divalent cation was also influenced by the quantity of the lithium added as a 
substance at the time of a start by TGA analysis, and, as a result, the difference in the structure 
between both the substances by the patent of this invention and the United States patent 
number 5,591,543 was ensured. 

[0108]Substance Li 1 o3 n ' c ^ e 'o75^°0 25^ g 0 03^2 06 exam ' nec ' ' n comparison example 5 of example 
1 1 electrochemistry performance, The graph of drawing 1 3 shows the performance on the 
electrochemistry of Li 1 . 0 5 nickel 0.75 Co 0.25 Mg 0.05 O 2.10 and Li 1.10 nickel a75 Co 0.25 Mg 0.1 °2.20- Three 
kinds of substances show very good recycling efficiency and high capacity (150 or more mAh/g). 
[0109]composition and electrochemical characteristics of example 12Li 1 i5NiMg 015 O 23 — the 

conventional solid state processing as mentioned above, It was used for compounding the 
substance of this invention from substance LiOH-H 2 0 and the chemicals computational 

complexity of nickel(OH) 2 and Mg(OH) 2 at the time of a start. After being ground and mixed 

with the substance, pestle, and earthenware mortar at the time of a start, it is heated at 800 ** 
in the air in a furnace on alumina crucible for 10 hours. 

[01 10]The electrochemistry character of this substance is indicated to be drawing 1 4 to 15. The 
function of the number of capacity cycles of a substance showed drawing 14 . According to this 
figure, phasing of the substance is not carried out in 30 cycles to begin. It cannot be said as a 
phenomenon normal as undoped LiNi0 2 (namely, LiNi0 2 without the element of a periodic table II 

group). In order to search for the difference between LiNi0 2 both who do not have it added, 

dQ/dV of drawing 15 and each substance of 16 was indicated to be substance LiNi0 2 which had 

the element of a periodic table II group added as a function of V (potential of a cell). Drawing 1 5 
shows the curve of the dQ/dV pair V of this invention substance Li 1 15 NiMg Q 15 0 2 3 , Probably, it 

turns out that it expresses the thing of the substance in cycling which no change of a gestalt is 
in any way, and there is a difference remarkable among both if substance LiNi0 2 which is not 

doped [ which was shown in drawing 16 ] contrasts with a shape change happening among 
cycling. 

[01 1 1]The negative electrode and Cork of substance LL ln nickel n 7t;Co n9J -Mg n in O« 9 of 
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electrochemistry performance this invention of example 1 3Li-j io n ' c kel 075 Co 025 Mg 0 10 O 22 , ^ r 

the test cell from which the electrochemical cell containing a lithium anode is constituted by the 
above-mentioned procedure and which comprised this method was tested under several sorts of 
following different experimental conditions. 

[01 12]In the 1st test, 50 cycles of test cells having contained the Cork anode were tested by 
current density 0.50 mA/cm 2 among 4.4V from 3.1. The capacity of the cell was plotted with the 
function of the number of cycles to drawing 17 . The drawing shows a long time of the life of the 
electrochemical cell having contained the substance of this invention. 

[01 13]In the 2nd test, 50 cycles of test cells having contained the lithium anode were tested by 

current density 0.5 mA/cm 2 among 4.6V from 3.1. The capacity of the cell was plotted as a 
function of the number of cycles to drawing 18 . the time of the cycle of the cell in which the 
drawing contained the substance of this invention being carried out by high tension — **** — it 
is few or having the best voltage endurance is completely shown without phasing. 
[01 14]In the 3rd test, 100 cycles of test cells having contained the lithium anode were tested by 

2.0 mA/cm 2 among 4.4V from 3.1. The capacity of the cell was plotted as a function of the 
number of cycles to drawing 19 . Even when the cycle of the cell in which the drawing contained 
the substance of this invention is carried out to ultra with high current density, it shows that 
good recycling efficiency is maintainable. A test cell can be thoroughly charged or discharged in 
15 to 20 minutes. It is equivalent to C-rate of most 4C. Generally such high performance cannot 
be easily accompanied by high capacity and good recycling efficiency with such unusually high 
current density. So, the group of the substance by this invention carries out a lithium cell, and if 
much more possible, it closes the application to a car. 

[0115]The usual chemical formula Li l+x nickel 1 _ y MgN x 0 2 ( l+x ) (formula I) checked the effective 

thing to one group of the substance of this invention in the above-mentioned example. In 
addition, the above-mentioned example the divalent cation in the conclusion on this invention 
persons' theory, i.e., a specific group's (formula I) substance, It checked that occupied the 
crystalline lattice in the transition metal of the crystalline lattice of a substance, and it was 
different from the substance of a patent of the United States patent number 5,591,543 in a 
chemical formula, structure, and electrochemistry character etc. 

[0116]The 2nd group of this invention substance who has chemical formula Li ^ nickel 1 _yMgN x O p 

(formula II) differs also from substance Li 1 _ y Q x/ , 2 ZO m of a patent of the United States patent 

number 5,591,543 (formula III) again. The chemical composition represented with three chemical 
formulas also differs, in the formula I — the number of lithium atoms — nickel and "M" — the 
sum of the atomic number of a transition metal and "N" periodic table II group — a phase — it 
is equal. In a formula, the atomic number of "N" periodic table II group by which the number of 
lithium atoms spreads a phase etc. on the sum of the atomic number of nickel and the "M" 
transition metal is the independent parameter. In the formula III, there are few lithium atoms 
always than "Z" transition metal atom (nickel, cobalt, manganese, two-piece or it, with top 
should put Z together) number, and it depends for the number of "Q" periodic table II group A 
atoms on the number of lithium atoms. 

[01 17]To the electrochemistry character of the above-mentioned substance, the substance of 
the formula I usually shows the best performance, and the substance of the formula II ranks 
second to it. For example, as shown in drawing 20 , The substance of the formulas I and II of this 
invention (presentation Li 1 l0 nickel 075 Co 025 Mg 010 O 22 and Li 1 nickel 075 Co 025 Mg 0 1Q O p 

(2.1<=p<=2.2) which are expressed with -O- and -**- respectively.) having — compared with 
the substance (it has presentation LiQ 8 nickel 075 Co 025 Mg 0 10 O 20 ) of the formula III in the patent 

of the United States patent number 5,591,543, improvement remarkable in the amount of specific 
volume is accepted. 

[01 18]The positions occupied by the divalent cation also differ within the substance of the 
formula I, II, and III. For example, in the formula I, the number of oxygen crystalline lattices is 
twice the number of lithium crystal lattices, and is twice the sum of the crystalline lattice of a 
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nickel +"M" transition metal +"N" periodic table group II element. In the formula III, the number 
of oxygen crystalline lattices is twice the sum of the crystalline lattice of a nickel + "M" 
transition metal. The lithium crystal lattice in the formula III is occupied by the vacant lattice 
(empty lattice) of crystalline-lattice +X/2 of "N" periodic table II group atom of lithium +X/2 of 
(1-x). In the formula II, the number of oxygen crystalline lattices is not correctly presumed from 
a nominal chemical formula (nominal formula). The number of oxygen crystalline lattices will be 2 
(1+ (X/2)), if it presumes, and the positive ion of X/2 of "N" periodic table II groups occupies a 
lithium crystal lattice and the positive ion of X/2 of periodic table II groups occupies a transition 
metal crystalline lattice, respectively, Or the number of oxygen crystalline lattices will be set to 
2 (1+X), if the positive ion of all periodic table II groups occupies a transition metal crystalline 
lattice and it leaves the lithium vacant lattice of X. Even if it uses which case, the positive ion of 
X/2 of "N" periodic table II groups occupies the crystalline lattice of the transition metal layer in 
the substance of the formula II at least. And the cycling character of the substance of the 
formula II is considered to be a result which the positive ion of a periodic table II group fixes on a 
transition metal crystalline lattice by present pursuit. 

[01 1 9]Therefore, the substance limited by the formulas I and II of this invention is considered to 

be contained in the substance of the single group of general formula LL. nickeL M N O . 

1+x 1-yyxp 

[0120];N as which M is chosen from titanium, vanadium, chromium, manganese, iron, cobalt, and 
aluminum among a formula Magnesium, When;0 <=X<=Z;2 (1+Z/2) <=P<=2(1+Z);M chosen from 
calcium, strontium, barium, and zinc is cobalt or manganese, When 0 <=y<=1;M is titanium, 
vanadium, chromium, or iron and 0 <=y<=0.5;M is aluminum, When y<=0.4;N is aluminum or 
calcium and 0 <=Z<=0.25;N is strontium, zinc, or barium, It should not think that the comparative 
example of this invention substance of the 0<Z<=0.1 above and them of a patent of the United 
States patent number 5,591,543 is exhausted now, but it is believed among various substances 
that many remarkable differences exist in addition. 
[0121] 

[Effect of the Invention]Therefore, it added to the transition metal crystalline lattice in the 
lithiated transition metal oxide which presents the R-3-m structure which stratified optimum 
dose of already restrained periodic table group II elements, and this invention persons got the 
substance with the new cycling act which improved, and other useful electrochemical 
characteristics. The above-mentioned example of the substance by this invention used 
magnesium as the dopant of a divalent cation on the principle, and used nickel and cobalt as the 
transition metal. Anyway, by optimum dose of lithium on chemicals calculation, and addition of 
the transition metal, this divalent cation occupied the transition metal crystalline lattice in R-3 
m, and, as for the range of this invention, addition of these divalent cations was taken into 
consideration again. Especially the interexchangeable character of magnesium, calcium, 
strontium, and barium is clear. An equivalent advantageous effect is produced on the 
parenchyma which adds them to the substance of this invention. Titanium, vanadium, chromium, 
manganese, iron, cobalt, and aluminum can also guess the compatibility a transition metal and in 
principle. There is a compound of the United States patent number 5,264,201 as such a proof of 
compatibility, for example. 

[0122]about this invention, if it knew well about the art of this direction, many change can be 
added, but it cannot deviate from the range and pneuma of this invention. Therefore, the claim 
written in addition is not limited to explanation of the above-mentioned specific example or 
others, and the claim should summarize rather the feature in which all patents of this invention 
are possible. It should be considered by it that the feature acquired by the above-mentioned 
change is also equivalent. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Referring to the following drawings, if the above-mentioned example is read, he will be able to 
understand the feature of this invention, and the outstanding point still more easily. 
[Drawing 1] It is structural drawing of the lithium nickel oxide (LiNi0 2 ) layer which has 

rhombohedron structure. 

[Drawing 2] it was generated by the gel method — powdered — it is the pattern drawing 
diffracted through the X-rays of compound LiNi 075 Co 025 Mg 003 O p (2.03<=p<=2.06). 

[Dr^\Anng_3lLiNi 075 Co 02 5Mg 003 O p compounded by the gel method (-0-) 

[External Character 1] 

) , ^LiNi 0 , 75 Co 0t25 O 2 (-■-) *&Wbn£VX&tm&1£&te)l> 

It is the curvilinear figure plotted with the number of the amount of specific volume versus 
cycles. 

[Drawing 4] It is the number of the amount of specific volume versus cycles about the 
electrochemical cell which contains LiNi 075 Co 025 N 003 O p (2.03< p<2.06) compounded by the gel 

method as a negative-electrode substance, and is PU. 
[External Character 2] 

D-/ hbfcffiSaT* *:<D$*<MSl}*Zi)Vzst72x (-■-) , XhD>^A (- 
O Point out - or barium (-**-). 

[Drawing 5] it was compounded by the spray drying method — powdered — it is the pattern 
drawing diffracted through the X-rays of compound LiNi 0 75 Co 025 MgQ 03 O p (2.03< p<2.06). 

[Drawing 6] It is the curvilinear figure which plotted the electrochemical cell which contains 
LiNi 075 Co 02 5Mg 003 O p (2.03<=p<=2.06) compounded by the spray drying method as a negative- 
electrode substance with the number of the amount of specific volume versus cycles. 
[Drawing 7] it was compounded in the solid state process — powdered — it is the pattern 
drawing diffracted through the X-rays of compound UNi 0 75 Co 025 Mg 003 O p (2.03<=p<=2.06). 

[Drawing 8] lt is the curvilinear figure plotted with the number of the amount of specific volume 
versus cycles of the electrochemical cell containing LiNi 075 Co 025 Mg 003 O p (2.03<=p<=2.06) 

compounded in the solid state process. 

[Drawing 9] Drawing 9 (a) Three sorts of oxide by which - (c) was compounded in the solid state 
process, Li 1 o3 n ' cke 'o75C 0 0 25 Mg 0 03 0 2 06' It: is the P attern drawing diffracted through the X-rays 
which show the character of the pure gestalt of Li 1 os n ' c ^ e 'o 75^°0 25^ g 0 05^2 10 anc ' 
Li 1 .1 0 nickel 0.75 Co 0.25 Mg 0.1 °2.2' 

[DrawingJI^UNi 075 Co 025 M respectively compounded in the solid state process 
[External Character 3] 

g 0 . 05 O p <-■-) % LiNi 0 . 75 Co 0(25 Mg 0 . lo O p (-□-) *5^ttL i N i 
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It is the curvilinear figure which plotted 0.75 Co 0.25 Mg 0\20°p ( " X " ) with the numb ^r of the amount of 
specific volume versus cycles of the electrochemical cell included as a negative-electrode 
substance. 

[Drawing 11] substance Li 1 nR nickel n7I -Co n 9*Mg nft( -0 0 10 and LL in nickel . . . 4 u 

* 1.03 O./o 0.25 °0.05 2.10 1.10 in open circuit voltage versus 

a charging and discharging cycle — it is the curvilinear figure plotted in the lithium content in 

0.75 Co 0.25 Mg 0.10°2.2- 

[Drawing 12] It is the curvilinear figure which plotted the temperature of 

Li 1 10 nickel 0 75 Co 0 25 Mg 01 O 22 (solid line) and Li 08 nickel 0 75 Co 0 25 Mg 01 O 2 (dotted line) recorded 
during weight loss pair heat treatment obtained by TGA. 

[Drawing 1 3] Li 1 03 nickel 0 75 Co Q 25 Mg Q 0 2°2 .oc It: is the curvilinear figure which plotted 

Li 1 05 nickel 0 75 Co 0 25 Mg 0 05 O 210 and Lij i 0 nickel 075 Co 025 Mg 0 with the number of the 

amount of specific volume versus cycles of the electrochemical cell included as a negative- 
electrode substance. 

[Drawing 14] It is the curvilinear figure plotted with the number of capacity versus cycles of 
substance Li 1 15 NiMg n j 5 0 23 . 

[Drawing 15] It is the curvilinear figure plotted by dQ/dV pair cell potential (V) of substance 
Li 115 NiMg 015 O 23 . 

[Drawing 16] It is the curvilinear figure plotted by dQ/dV pair cell potential (V) of the 
conventional substance LiNi0 2 . 

[Drawing ^7] Li 1 10 nickel 0 75 Co 025 Mg 0 1Q Q 2 2 is used as a negative electrode, It is the curvilinear 

figure which plotted Cork with the number of the amount of specific volume versus cycles of the 
electrochemical cell used as the anode, and from 3.1 to 4.4V, a cycle voltage range is 50 cycle 
and current density is 0.50mA[/cm ] 2 . 

[Drawi ng 1 8] Li 1 A Q nickel Q 75 Co Q 2 5 Mg p. 1 p°2.2 is used as a negative-electrode substance, It is the 
curvilinear figure which plotted the electrochemical cell which used lithium as the anode with the 
number of capacity versus cycles, and from 3.1 to 4.6V, a cycle voltage range is 30 cycle and 
current density is 0.50 mA/cm 2 . 

[Drawing 1 9] Li ^ A Q nickel Q 75 Co Q 2 5 Mg p. 1 p Q 2.2 is used as a negative-electrode substance, It is the 
curvilinear figure which plotted the electrochemical cell which used lithium as the anode with the 
number of capacity versus cycles, and from 3.1 to 4.4V, a cycle voltage range is 100 cycle and 
current density is 2.0 mA/cm 2 . 

[Drawing 20] Negative-electrode substance □ 1 10 nickel 075 Co 025 Mg 0 10 O 22 , It is the curvilinear 
figure which plotted the electrochemical cell containing Li 1 nickel 075 Co 025 Mg 010 O (2.1<=p<=2.2) 
and Li 0 8nickel 0 75 Co 0 25 Mg 0 1 O 20 with the number of the amount of specific volume versus 
cycles. 
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iSV^^tt-C*>5. 
[0 0 0 31 3fem"Ti£fcS?fe©££»4, mAh/gOl 

ffi-cH-**^ *nHt¥fias*©*Kis±rij«rtt4«« 
*>5v>ii7o:-v?v : /^c*f-t-5tfa!i-efc5 0 y-^ 

1" 5iHS©*J^T*$)t), ifc. m?fe©^St?Wtffl!l©ft 
IB4fll«i©«E»^ttttft*Wlc#A' h ©*{£-?ff 99 $ 

*z)5^rtHL#5s l:?1b©jE*©(net)3i^/U^-T-fo 



(4) 

5 

tm^<ommt ursas-n, a ; e= u/m) j' 

V (q) dqT-W-g£iV N#*bn;^£A % 

'J *.fc-e*>5fc#» O^z^O. l&&JtS. 

(*©«*?, *LTV (q) (iqWiiict LT^JHfcm 

[0 0 04] ?f *«Brftft*ft©m»u:j3»t5ll«Jcift± 10 

[0 00 5] ?f *»Br*4ft»©» (family) U 

yf-^A^^-y|C«5t±©#ffl (frame work) 

f— h) UfcQ. 4fcHjaH"5ri:4ST#«. 20 

I4W y$—t> l>— Y (intercarate)1-5 GES©MS8tC 

v*-* u- k l, m&*£^©*^©»t££^i;:i- 

K«©BriS!tt«:«»i-*fc», *uftft5«ii±©gigft 
-#i/-hT-t5©i4, *«*Jt©IS**it©3cJ£l::J: 

[0006] y^Aw^vsa&w&icite, Affile y^ 

#&1Sig©LiMn 2 O4 ) , Df 1>A • • t 40 

K (L i N i Oz ) iS.tUty^^A ■ h ■ 

tWK (LiCoO: ) t£X#h&. ZtibtaKV 

j:ofWfci-5. ttsroy -y-w*/^, y ^?aw*^»4 
*i/-hu Atto**o«ijft»ifftftt>ftv\ tkm 

LTx XlrMtEE (3. 8-4V4T-) £*L, £fcii;v^ 
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[0 0 0 7] Si ICL iMm O4 , L i N i O. £4 

fc. JESfc»4=— ^SrffifflL. ^tV(4k.Brandtft<OSoli 
d State Ionics 69 (1994) , |173~18 3H4 9 

fee 



[0 0 0 8] 

ran 



*X 


(Wh/kg) 








UC0O1 


276 




* 




LiNid 


321 




- * 


m 


LIMmO. 


305 









[0 0 0 9] Zi©if©* s Li Mm O* t L i N 
iO. 14, Wfei»fc«ilr=* r-#«<, JRgUftfcKAH' 
Sff^LiCoOi ICJt^TgV^ U'ULiMni 

o. i l i n i Oi © y -y-w ^/pfr*©*jf tttt, 4- a 

wtlf>©t&fflSr$iJ[!l-f 5o fcLLiMn* 0« tLiN 

iO: ©y-y-w ^/H±*5i6i±T*tti«, rbnttKoy 

1-9±>t*>W%msitetj:Mi&v>*WII»Kk LT, Li 
CoOi IClftfeS^Iffitt^ftV^t fc5*.ftV\, 
[0 0 10] !>f-»>^»»&JMWfc*i»feR*«*ixfc, 

y-y-w^/H4©^«srisj±s-ar5*isfet ut, mmm 

«"?fi, 0Rf4> K— T'SftftVMfr&tt, LiMn: O 
* , L i N i O. fciVL iCoO. ©{k^trSt±©^: 
**«*ilBft *it©*{ktt, -t ©8*K: J3 v ^T#JS^©a 

[001 ll R. J. Gummow et al, ©Solid State Ioni 
c (69), |59~6 7HtCSfi$;n.fc " Improved Capa 
city Retention in Rechargeable 4v Lithium/Lithi urn- 
Manganese Oxide (Spinel) Cell " |C® fk<D V f~ *7 A Sr 
LiMn. O4 I^SyiDLT, WtOf-f * !> ^^*tr 
|p|±**Sr«t«:**UTV^. ^©##XiKl44fc, 

t, Hftdo^^+^^Aoftafci-ixtf"*-^ ^ y ^ 
t>, fes©-y-w ^ y ^^tt©*s*i4K*i±i-«*s. 

^s^K^s-st* K-7"LfcL iMn : O. <D^f^ 
(Spinel) ^K©it^*l4/h$<, 9 0~10 5mA 
h/g©ffiHrtl-*>5„ 

[0 0 121 *I#ff#f5, 2 6 4, 2 0 1IC^B§$ 

ixfc-y-w^ y ^^sjessr^r-j-aftKttaL i. Ni 

m M, OT*f^*$n, -t©«f xttftO. 8fcl. 0 
KlCfciJ, M(4l^*fcl4lW±©='-'^h> 0c, 
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y (titanium) v ^y^fy (manganese) x ifnA (chrom 
iumK t$i.Xf'<1- i?$J* (vanadium) y^O. 2, 

iNio, ©#3\ nw±tmti:})3-<>j*tm'g±.®.w 
*©ihw**ei-s. •fk^f+»±o!)^^A*5o. lit) 

UT, !)^^AJf^<0-r^?-*U— > 3 ^O^ii (de 
intercalation) ^MLlhfcS. tKB^WS-^ 5 , 2 6 

4, 2 o i <D®n<D%w%ns » *r±e©ttiifc«*H- 
tutf, = ^/wi^©ftii2isc±y^.A©7 ? w -w^ 

y-y 3 yol^WJ-frSStllSAJni 
V^^LT^S. *H#fF##5, 2 6 4, 20 1© 

Sli, feSggi&L iNiO. fe»tc^-5[6]±S:S^L 
TV>-5^, |6]±$^fctlR«, *fc*L iCoO, !&fC© 

fc, *S#f?#-5§-5, 2 6 4, 2 0 10><HfflF0><|feftt>, 
fST 5 ICS ►) 5W*ft«BEB^tt©ttl6*«-b-C^ft 

[0 0 1 3] *B#!*F#-5§-5, 5 9 1, 5 4 3l^gg$ 

Xtlti* Lin Qu2 zo. ic i O-S-f&StLSy^ ? 
AW^vAffifeK©^*. Z K = y*A\ 

l o© 

KttRt, Qliffl$#««i;&©^5ifS£/^iS«£ft 

fcs -toil's <7 A, A, * hnyf >)A (Stro 

ntium) iSitf^y * Aft iff, mil 2 $>5Wi 2 . 5 
TZOB— ' ttfCifc. *B#FfF#-5§-5, 5 9 1, 5 4 3 

!MIMfr§*©*aDtt:. Q* 2 3EW XlstfL i C o O, 

©**ii£i-?>j:ti7nL-c^.5 0 jijw 

mtftmbte*). *»o«<iWS , t>©*4:ft'F«4fc(acid im 
purities) tK£LT, (HtJWfc LT*tM-*. *B# 
f<r#^-5, 5 9 1, 5 4 3 ©#fF©^#(4, d^fe** 

[0014] 5 , 5 9 1, 5 4 3 ©IfffF© 

feK^s A&K&ffl LfcrftSmii, 4. 2V*T-3ES 

*£»£ix-Cl^S. *i\ ^r©4. 2VU(±©«JET-3t 
5 1 © T*ft ttft ft f> ft v \ ±lE©ift^©J; pfc, r© 

5„ ^©i, ifi*©R3m R-3mi*i 
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eAtt&**-1-3ftS«MtH:> 4. 2-4. 3V 
(4. 2~4. 3V©®ffl) *gifelRrt©y f-^Art^ 

^«H4*r*ft*-B:5. ttbtt, JUMbftffft 4 . 2 V© 
S*fc»jt*SflB*ri, fiSft#tt©-oT**>5„ tt 

[0 0 15] *fttfr x ±E©*Wtt» fcSVMiiS*©- 

»«fi©«3BKHi-sw«©ia»45*-f * y v^©£ 

*#ft^-C*>5 5. 
[0 0 16] 

[«W*s»ftL«t5i:-r5ilS] *369iri, y^*A-f 

^±©ttK©[6j±*«1-t>©-C, IIfl:WR-3mgS 
*»Sr*i-S y * » AB^MMMMMHMtfc* '>ft 

[0 0 1 7] 

[gDHSr»*i-S*:«>©¥S] ±BI«Jfe»*-f5fc«> 

[ooi8] \cmm<o&wn, v?vj±s mm 

30 *5 i ^'>ft < 1 1> l o©S^JR ?r^^, $ f> Att 
*St (-rftfc>*>, ^SA®©'b©^:V^v^, 2tf&StK-f-ix 

1^. crystalline material t ft5 t©-efe€> 0 

^JctJ^Tl^Co )©J^ : f-Srtlcfo5. ^irMIBS^^ 
SJS^-iSfi^-r^t ^A^**i65 2ffi©jEW^->-^ 

[0019] »:#jg2iciEi£©$g9m, KrettAtt*fr 

- 3 m^ B B B«Jt^-r 5 r. b «r#» 1 1--5 
40 [0020] IS*3®3^IE4fe©5IW»i, itrfsy^^A© 

»t-t5»*«2 ICfB«©ig a B B ttfeKT'fo5„ 

[0021] §t#«4 KE«oawii, «nes^jRj| 
> <»mtim*temt z> z. t zftwibi-zmxm 3 »cie 

[0 0 2 2] M^JS5»ClE|g©5|0Jli, fj|a2ffli)©jEW 

$ix5#jg©^ B B B ei^lcfo 5lJf^©±tk£ 1 1 ic Lfc 1 
50 ~2 5%ffc5; tS:#mi:1-5fl*JS3lci2^©^ B B B 
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[ 0 0 2 3 J ft** 6 fcB*©3S0iri, gJiEJt3n*, 3 
~ i 5 %©«**it-ck 5 r. fc fc i"5IS*9 5 IC 

[0 0 2 4] ft**7|CiE&©IB93fi, SflfS2<ffiOjE-< 

4*>th 5:t fc 5ft** 3 KEttO&Att' 

[ 0 0 2 5 J Mt*ll8 £EttO&9Jtt, BfJlEJS8I#«II 

[00 2 6] ft** 9 £Btt0%91tt, SflfST/V* JJ ± 
H&JRS^fi, ^^v-^A, ij)V*y<;j±, ^(-ayf 
* a «t y * a t? 5 r fc £ #® fc -r 5 ft** 8 l£ 

[0 0 2 7] ft** 1 0 IC|E«©$gPJli. ttffi3&£J( 

>v hfcJ-tfTA-? iroti^ 1 o$>5VMi 1 o£A± 
Srg^c fc WTfc 3 w fc £#tK fc 1" 5 S!** 3 CGtto 
jg*tii4MtT;l!>5. 20 

[0028] ft** i i \z.ffl&<r>3m\*. ifleKL i 

Ni,-, M, N. Op &*&J*«K Mli^*>\ 

O^x^ z ; 

2 (l + z/2) £p^2 (1 + z) ; 
Mtf^s^hliitzli-rytf^T'hZ fc# s O^ySl ; 
MriSf-*^ /^S^A, ^nA£fcfi®rCfo5fc#, 
O^y^O. 2 5 ; M#7VUS Affc-S fc 30 
0. 4 ; ifcNi45-r^v'^Atfctt*/l'v-i>A-C'fo5 
fc£\ O^z^O. 25; hnVflJA, MIS* 
fcl±/<!> ?AT-fo5£#> O^z^O. liT-fcS^t 

[0 0 2 9] 11*51 2KfEfew$S9Jf;i, I&j&l i 
Nin, M, N, 0 2(1 ^ $r#L, Kilajtfc'K Mf±, ^ 

A, ^nA, -r^tf^ 
ilFT^5-^A^bStftl. ; N«\ -^^->^A, * 
/l-i^A, ^Fnyf^A, /<y ^Afcitfg&^fejl 
ff^lM^a^/Wh^^li^^^VT'foSttx 0^y 40 
<1 ;M&'?9>. /<-tv J ^A, ^DA*fcli^T*fo5 
fc£\ OSygO. 5 ;MiJ57^^^At&5it> 
ySO. 4 ; ^fcNiiT^v'^AifclW/l'v'j'AT- 
£>5fc#, O^xSO. 25; Nri** (-Dyf^A, 
U *A*fctt£»-?*,*fc*» O^x^O. 1 ;-Cfe5 

3 fc fc#®fc 1-3§8#5 1 1 £Ett0>»Attftft-C*> 
5. 

[0 0 3 0] ft** 1 3 lcEft©389itt, i&J&L i , N 
in M, N. 0 P **TU f£fflfi£<K Mli^* >\ 
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a, ^Fnyf->A, /<y i>A*jj:ifffi»a»fe»llix ; 

Ui&f-tS^ /<-t-v?>?A x ^oA$fcliitfc5tl, 
O^y^O. 5 ;M^7/UU^ATi>5tt> yS 
0. 4 ; SfcNiW^-y^Aifcli^/Wi/^A-CfcS 
fcf\ O^x^O. 25 iN^hnyf^A, ;<}) $ 
A^fcttffilS-efoS t O^xgO. 1, tLT2 

(l + x/2) Sp^2 (1+x) ;tfc5:t^rit 
i 1-5SS*« 1 2 lc£ft0ft Att*ff-?S> 5. 

[00 3 1] ft** i 4 IC|B^©3g9§fci\ ft** 1 ICE 
«<&fc£«:£tf AffiTfca r fc Sr#mi-T5«^k^-lr 

[0032] it** 1 5 \zmm<D%w\t. «** 1 1 1 

B«0*St*r*tr r fc £#&fc 1-5ft** 1 4 lc|E$<D 

[0033] ni** 1 6 [zmmv%w\*. ft** 1 2 IC 

B«<04MtS:*trr 4: SrW»fc 1-5111**1 5lcl5^ro 

[00 3 4] ft** 1 7 iCfEttWUBJtt, W** 1 3 \Z 
AST**) 5. 

[00 3 5] ft** 1 8 KE«60«Wtt» ft** 1 4 t 

[00 3 6] IS** 1 9 ICfEtfeO^ll, ft** 1 5 IC 

**1 SlcfE^coy^^A^^-^-iSc-b/WT-foio 
[00 3 7] ft** 2 0 lwfE«<D3&93rtU ft** 1 6 \Z 

**i 8ictstt©y £.4 a-^-^^x-hZo 

[00 3 8] ft** 2 1 lzmm<D&W\*. ft** 1 7 IC 

**1 8|cf5«©y ^^A^^-^-jJc-feyU-efcS. 

[0 0 3 9] ft** 2 2lCfe«ro^l±, ^roKig-yn 
ir^lCiJ^T, 

a. ttfo5*(0y ^l>A^tf^K, 

b. gte*&-4Bfl.«r!R*WlU boTtWE©*ft<fc 
AS^JSSffbfeSSr4^L. HtiiESttfeRrtlcfjSro 

ett^Rojg B B B srt(7Ds^m^^±ic6«)T^fc^ 

B B B ^Sr^*-frLtf5J;5\ M!EW**SS-t-5^fc*w 
#H^^trr fc 5r#®fci-5 y ^^AS^g^kfeg 

[0 0 4 0] ft** 2 3 IC|e«tW|gB^li, fflBW^S 
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a . mmv&Z'Ptl: <Hl o©*JWlc*«?U 
b. ttjLIH&HI#lCJ:9. #nE^«:1IWBJ&-fc** 
*&-&H**it{IW-6¥lfii:, «r*tr»#9[2 2k:E« 
[0041] IS*« 2 4 KGttojgHHu SirEro^-g-$ 
a. 8triEff>Sfc'>ft< it loroj£SHcSfl¥U tot 



(7) 11-310416 

12 

* [0 04 6] lt*9 2 9 fcK*©»9iH:. -tWKit^n 

5 mfi?f£;4> srt&^mi-t-^yf-^A 
[0047] *&w<d&& Z1xtz-K%, 1 fo<r>&m'g. 

3m^«JtSr^rU, 2fiSK>IE-Y^->-d5fetlD$HTV> 
10 /w->£A % ^^py^A, /<y ^AfcS^liMi&rotJ 5 

b. It^/X/lxSriiCTSirlE^-^jS^rtlC^T'U Mdopant) <Dj3s3>Dl:l;J\ K-/<v hK* <D±&h 

tciE«o7'u-fe^T-fo5„ y^»A • ^/wh&M^fc^kty f-^A • 

[0 04 2] W*«2 5lC|E«feO^I±, UWB©tt** ^ • a/Vl' hSHHW*© ± 5 fc» 2«©jE'f • K 

<f£A (lithium hydroxide) £-£tf$jf-C> WIB^ K sy^itf/Sfctta^A- hjE-f 

**S*«ltt» 20 *K-7KHc*ft5'<#»*«^tri&*r5. **WC 

a. UWEOio^fty^^AfcittBOiwai^HSr £5 K-^Sfrfcy ^*A*^*lMfc*HU y^*A 

5#Kt, [004 8] *36W»tJ:5*ifefcaffl«rti:tUfcflP5t 

c. Btrfs^fSttfrlsy^^A^tf^fSS:*^^-!- fc»9i$*tfc*ll-e#»9i#fc>r±, ^S1*^©S^JI 

d. ^/HI:a*iewa*-ClMrBa^*Sr*«bTy/uS:iJI Vh£&l~2 5 a t om/<— h«KHrtT?*iO-*-*l, 

w-rs^wi, ^oi5 %-&.mmi, k-t°$ 

i:4r#ftfc-*-*HI#S 2 2»c|E«ro^n-t *±©<Mtfc*+5w*«:«tTfcb*vSMrc*>5. 

[0 0 4 3] M*4C2 6lcfa*W>$8eHli, BftSE<J>ft< i ^Mlrt^^rofW^g^c bfc 2«roiE^ *v K 
t> 1 o^ffl^II^7C«W^Sr^tf , Sfll5Sttifef B -A^hSr, ^l±^3~l 5 a t o m'<~fc > MSB 

y Ai»^ii{k«ffaiiM(« 1 1 fcfE«<om^5r rtc*jisbfc»e-^tBai-6. **?n#fct>tt» ±tt 

^1-5rfrSr#mti-5fl*«2 2(ClEt!c<oyu-fe^T TR- 3m©feMH6«:*-U K-'<>- 
[0 0 4 4] ff*3S2 7»cBiM>»WHU Mf5'>&<fc «i-5J:5l-, Hffl*«II»gO K-/<> hSr«6Di-5ft 

*i-2.^t^^mti-5is*«2 6ictett<D7'o-fe^-T? mm*t& *K-^oy*-!>Afl«4*«fc»#*- 

[0 0 4 5] Ht*£2 8lCGtt0>«9ltt, IWE*4< i fc* 

1 1 oo|WIMMHlKec*©«-T-tr*tf . fflCSttlSA [0 0 4 9] *|g^lc«t5 K-^S*ifc y ^<>AXfM 

y f-^ AS^jg^feSnis*^ i 3 tci5«roiaf&£ miwbtttt, Teos:-e«;**n5, 2oco^-^co 

* *>, 

Li,., Nin Mt N, O...J (^1) , tSiTJ 

Lii Nih M, N. O, (it 2) 
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i ofcsvM* i oeui ; Nit mm&mm<07tm-eh 

^OiJlt, O^y^l ;Vit^9ly, /<i-WJ>. 
^DAjfelift©^, O^ygO. 5 ;M&Tfr$.- 
y<0. 4 ; NtfW^^i^fclitf/P 
i/?A<E>fc#\ 0<x^0. 2 5 ; Ni&Sx ho>-^£ 
A, /<y5-Affc|iilS©tt, CXxSO. 1 ;^tf> 
* ; 2 (l + x/2) £pg2 (1+x) 

as^at 2ffiwiE'r^-y^jD**^ si«l i n 

[0 0 5 0] #!893#fc*>B\ ±15<D2o©3:.fc»m« 

i« Nin M, N, Od^) tLii Nil-, M, N 
. Op *BKto'bl3&:k&mfflftt5, 5 9 1. 54 3 
IdiSLi,-, ZO. y>W<D&f8&b<D!3l<Dm& 

5, 5 9 1, 5 4 3©#ff|i«t5-t4xtSr^JglJi-5 0 * 
H#llF#^ 5 , 5 9 1, 5 4 3 0)^<O%%\Zii^X 
l±, 7A*!)±IK- ^'XMalkaline earth dopants) 

fix ^micx^mwomt^titzmwtt. *s^rp# 

#5, 5 9 1, 5 4 SO^lfCO^tttJt^T, 2«<75jE 
W d-^^a^AMroJSft*? rt d t ic J: 5 1 

©t 56ft 1-5,, 

[0 0 5 1] *%BJlCj;5 2ffi©iE^^-VT-S^JR© 
«f s l&g LfctlAttti&Kl$V*>& t ^ P Jl*D©Jahn-Tel 

ler©^fi3b3?:£giS-£L«>, ^oWlcKflEo^bT^m 
i") Kfc^T^T'fcS. g&&JRfifc#£, R-3m 
IC»»4mS**^4ri6#*U>t>fc»d, Jahn-Teller 

*T\ *38MHtR-3m»»ttSr*ri-5*K©|JIHStJB- 
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[0 0 5 2] #3S«i±, *»9i-eH»*;lxfcftK 

[0 0 5 3] #$SW©#>Kl±, ffi^ft, fiV^a<07ai 

10 J:5feK»4*fc, *S#fP#-t5, 5 9 1, 5 4 3©# 
[0 0 54] ft:fb\ *£HH#r£C h'-7£tlZ>))1 L <} 

-©@fr£»f5:fr&«:, ^©-j&KgysiSixfc^ 

[0 0 5 5] *^BJ»ii^!feKl4 x HftroR-3mM 
IMtftfllitSr* K-^ttffi«rlc*-J-6 y ^^AS^JS 

MiLtf. B l tc^i-i p L i N I Os ro^B 
U*:R-3m«itrtlc, y sjr trfrWHk* 

HOLiNiO: WitrtcD-y^/U 

ttl~2 5, a*U<l4ift3~l 50*JtO 

[0 0 5 6] SJLTs X. 9 PiffllClftSjr 5. *5g^<Ott[6] 

Li,.. Nin M, N. Oki.j , 
50 Li, Nin M, N, 0, 
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ttTii, Li„ Nib M 

, N. Owd o»^*tr*i-5©*, y^A-c * 
>-.&m.<D&m®$tb L-cstss-cfes. *©g© 

; 

1 . L i i« N i N. Ojiwi 

^©(f. N=Mg, *Jit/0. 03^x^0. 25-Cfc 
5, *UT— SS*LV^tt, 0. 0 7^x^0. 15 

[0 0 5 7] 2. L i.n Nin, Co, N, Owm 
^-©^ N=Mgfo5VMiC a, 0. l^ygO. 4, 
&XTf0. 03^xS0. 2 5t?fo»3, ^rUT-SS* 
Ll^©li, 0. 3^x^0. 15Thho 

[0058] 3. L i i„ CoN, O«i«o 
^©"£, N=Mgfc5V^liC a> 0. 03^x^0. 2 

0. 0 3^x^0. 1 5-e*>5. 
[0 0 5 9] *»9§fc.fc5Mrii» Sf-sferolS^AfiiS 
ttttJt-C 3 9- V ^mMmZM&i- 5 -7 n -tr * L 

HlCta-tr/Mi, lofc5lW4*;h^Jb©A&, loo 
J:5*jE«©*»fcfllJSHt, ^©#ffi©&flTlciIi?iL;fc 

5afc5v^Ht-t©n*»aa4^ 
mmm. mm, mmmm. axxm 

SV>l4@ft©®8?Srtt, *ii«»tfcttlRfeftv^, @# 
tfii (solid state) ro^y ^-m«S ; 0**18*9 5 

©. 0iRfi\ y^^7A59ia^7^. y^r>A-7/W5- 
£Ag{b&, y ^*AfflflESifc:& (lithium borophospho 
silicate) ; *J Xtf 1 a*fcli-?:;}xW±© y V J>M. 

(fl*.tf, y^^ASt^ 6 (lithium arsenic hex 
afluoride) , y f-?Aj$6 &{b^(lithiumphosphorous 

hexafluoride) to XW f-$ A&jg?:£[(lithiumchlorat 

e) ^nimhi^ttax&L±o^rmm («*.»*, a 

ggi^P (ethyl carbonate) % Siv 5 ^ ^VW (dimethyl c 
arbonate) tS JzUN^Sfcv^fvWdiethyle carbonate) 

fcavMi::*!,?* ©»■&■*) ©S£-«RjW£*L.fcfc©*if 
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SSflfffitt (i) 11. 4 9%fiSJt©L iPF. , 2 
9 . 3 9 %fifitfc©£g^> ?vK *5 itf 5 9 . 1 1 % 
MrJt©^^*-***- h ©&£!&, J8J:t* (ii) 
1 */U© y ^ >7 6 MA#, 4 5 %MJt©£$g^ 
*vUfc 5 5 %m*Jt©*tt5?* ^Sr*//«WBo* 

[0 0 6 0] **WKJ:S*«T»»rtL-fcjl«*r£if- 

&*/n4, i ©#b© «t < *d btiz&m<omj&icm*± 

ttofc]Ea*r*tr-fe^©«JSlc«:, y •?* fuWpol 
ypropylene) £1t\*#V ls&<D±s< U—fiZfeo 

£3, ~*-feA'«3i©Av^Wi: LT, Li,., Ni» 
20 Coas M g a., O l2 (Dm^ir^-ti-k^ a — *© 
LiPF. fc**fc+S*A?ifcfcJ:t*sKll:/ntr 

[0 0 6 1] **iWlcJ:5*jr*:«3ti-5*jfett % 
"*&-fcHtt" 4r#i"5t©tt» ^0<t>lc^$tt 

t, y^-7A^^^4r-t©«igrtlc^V^-*W-hL 

[0 0 6 2] *HW(Cj;5feKl4, *56PJ©«S 

Hrt©afi£^#1-5. JStt»««rfcoTtjjtT#4*- 
^ttx fc5VM*#fiim©&K©fc^3M££at;:Lfc^ 

y hJ»K(wet solution) TteJ*T*S 

40 icattl&tflciiH //u-y/Ksol 

-gei) ttafl^^A. *±t«s«fls^B-fe^<» 
so »5tas:4a*«fiH-c!R*&ai-s. 
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[0 0 6 3] £iT\zn&-fZJj&(D4'0(Om\*. #3§9! 
[0 0 64] M5©7c#©*/iH&*£tf1-5 »T»tefc¥* 



u 


| re 


CTM3 


7C* (G2> 


IJMFnttMF 


NI7tr4 




(nitrate) 




ND-4M>* 




G2MFd*WF* 




NIMFnttMF 


TMW<F 


G27tf-f 


(formate) 




TMMFntWF* 


G2i-#*-F* 


IJZHH> 


NDWTtKH 
(acetyiaceto 
nate) 


TWtr4 




LW*WF 


N«*MF* 




G2***fF* 
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[0 0 6 5] 
1^2] 



[0066] aa4jssw©p-tttt» *r*«Mfrd*©B 

til #J;Ltf> Lt> 8 0% 

*/2 0 /— A** , 9 5 %y * / -A-/ 5 

K^^nso m.m<D^mt. gE*u©&«©#)£, «*. 

[0 06 7] 1 o*fctt-tn«±©*JWSr**i-S» 

te&©fc^Sf ©*$«&&£ (combining homog 
eneouslym, «»<elfl-«iB©*K*»J*i- 5 ©£& 

nfc&M&st LTtt, ^6 0 0*0*^ 8 s owmvm 

2~1 0*WJ^*«f1?*DS»i-S*«fei6S*>S. ADf&^tvfc 
§LS:JPSa^e*:t)i*-Br5. r © J: 5 ftAllR^ttoS f> 
KjSV^T, Z&g8 0 0*CT2l*IB]ftltS:*D!»i-5*«fe3J» 

[0 0 6 8] •• WbS 
*^b!J^^A(lithium hydroxide). ■^fiftSfttlS'S- 
lo*fcl±*ixK±©S^JgSr-^A/-C, ^fifeL 

fc*«Ka#i-aas/ji*«*»aic***-fr5. sat 



20 «fi-5. *!Mky?-^A©«L«)fl:#Ht, 

ix, *©S«M^©*A-ft£<k^fm±^fe®£Jgfi£ 
■e##5S*-CJ:V^ *TIB4«{t:fl:a*©|lll-tttt» tX 

©«^*StH*Lfc*feT-fti31$n s *»MICJ:5S 

[0 0 6 9] • BflBRffi«>£& 
30 j^e©*A*£fc¥W*±©*«>y aftefttt 

H(t*«©*ja*«fefctev^T» ant 

T-irx- hfeJ:V7*— ^- h©lo. 

i5©#(milling) » A'S/HCJ:38H*(ball mill 
ing) *>SV^tt-t©ttOW*»«Ottfl|*fc|4^o-fe^ 

S(C7i5„ ii#©S!i«iS©*fel4, #JJ:Lfc, 
*>5V^4«E«l1-5^©f T?, 6 0 0~8 0 01CT*^5 

^jtLT, m&m*i 5 ot;, 2lC/^©*n^i:^ai^ 

T\ 1 O^WD^-t-?),, *©«4»©lft*a.a*«feH:, r© 
#ffi©&flfl£iil!fcLfc#ftfe, iSfti©l4-fT'fo5„ HftM 
50 a©jtff+, 52)5, 7??'/a(f 
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lush) i\ ■£tc\iiF<p<o*:%.£&W! : -tZfrVX, fp*p<D 
[0 0 7 0] • *:/l"fttMHfc 

moma^zvm&znz. ±tz<n&mkmu*. «*. io 

(4\ ffiRSfcttttSt^fc^. *ffltt\ M*«N lott 
[0 0 7 1] •«ftft¥tttttt 

•fe^ 7 (acetylene black, Super S, MMM Car 

bon willecbroek. Belgium) , ^©^stfy-r 

(copolymer binder, Scientific Polymer 
Products, Ontario, New York®}© 6 0 %©^^ 
UftmALtz^U^ • Zfu t'U-V • =>#y T-) &ft 30 
-g-LfcfcroSr h !J ^ n nai^ UWtrichloroethylene, 
Aldrich. jMNtfMMft) tJSWS-BrS. Stt^RfcT 
tf^7y^0S^ti. ^-f^- ©}§?£+ legs 

5. 1-ftfct>. fitt*R8 1. 0 6%, 7tfwyy7 

s/^7. eyo^iut^^y^-zw^^-s. 34%-c 

fcS. 1 c m' E?f ©Affix -f*^£, ^^ixfc^fr 40 
ffTlT, 13 0tOiWC12l*H«it5. -tOft* 

Sffi, ^ (Whatman CF/D, Whatman Inc. Haverhi 

11, Massachusetts <T>$k&) H£lf2 : 1 S*lt©^^ 

JR. FMC Corp, LithiumDivision) ©S'a^rotlC 1 M 
OL i PF. «r£A,£*»*j&»e>fc5»- 3 IWt^W 
Xh$tt5„ T*>^»-**lfc*A'«Cs 3. lVi»6 
4. 4 V©SEfSffl -C— igffi »«flH6* 0. 2 5 mA/ 50 
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cm' T'3 9»r-x hZtlZ. &W&f 4 9 
[0 0 7 2] 

■CA«lt»J*4*u» "Ir/ut LT7ty^$ht, ^:© 
[0 0 7 3] HJfcflj 1 

<r>feT*£j££;ft<5L i N i Coas Mgo.o O, 
(2. 03<p<2. 06) 

0. l*/KD*Bfe-fbyf-^A4:3 0ml©*lc:S<SU 
T, jKfSET?aM4»«Srf^J*i-4. S'Jtc. o. 07 5* 
;W-yWt7- h (Aldrich, 9850 tO. 02 5 
zi/VU F7t7- KAldrich, 99X) £ 1 5 0 m 
1 ©*<PKi§8SLT, SR-ClffVxX&OSft^S. * 
fcSUI-, 0.0 0 3 ^yU^Tk^k-r ^v"7 A£ 1 m I 

©70 %<n$tm*<£tt7k\z.mM l/c -t LT*^b y f- 

17 A*gf£ £ TkgHfc^ ^ > !7 A^f$ t ft =i / <,V h t ^ y 

<r/PTirx-h©&&+K8s*P rft-cftSli, 
fc, Bt^Hfe03!K®fK(suspention)^fig$^c„ 
Bffl&<0<P\Z9 0ml /U (2 0 0 p r 

oof) &m\>Ltz. 7/V=- /U©^PI4, i^/t-T-ir 
r— h ©£*&(;: <fcoTT-t?x- hO^^bT-fex— b 

[0 0 7 4] ZCDMMLtl, flg\,^$i<Dmmt. 5 00 

$ y/<-/uo*ST, i 2 0 t CT3^e;jiaSixfc o JE 

73i4 -torn 1 4o , CTfmr^ 100$ y/<-/nci« 

fc„ ^©S*0 1|Hl5>C)6^7Aro^5(5«, ffi«t«t'-C8 

0 0'C2^ro^aSrST, M2. 8^7A©!Jf!) 

[0075] cco*&*i*. x»«)iiw-c?«H4fl:S^ ~ 

M<om&W<DR ~ 3 mttft«ii**iMfcft-C s 
^7^— a = 2. 8 4 OA, c = 14. 10 0A 

T'foS. @3lCfe®©tb^S£-7-^^yUgcro^-C7'n 
y h Ufc*«S:*i-. El 3 Kf4, ftis, y ^>7A • = y 

K (LiNi.n Co ls O 

1 ) X'^^^y^h-cnt^^mn^cM^^^yY^ 
fc„ rtDLiNio.,5 Coca 0 } O^li, ^<D%M 
0*JT*ftfflLfcL i N io.75 Co^ Mgc^n O, <0±f£ 

[0 0 7 6] H3U, *|g^(Cj;5v T^/?i>t* 
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h1V)1-t?J» --yTiV- ^^>W ■ K4MT 
^(CJt-<T-r^v">i»W^PtTV^iV>!felK(i, 0. 
#** Hfc*1- RWKtBf 7 x — s? ^ ?&n&* V 

10 

[00 7 7] HJfet&J 2 
^A-teT'^ffc^ilSL i N iaTs Co..s N» O 
, (2. 03<p<2. 06, N = Ca, BatfcliS 
r) 

#/l^>!7A, s<}) y~J»HS:XlX Fnyf^f k- y$ 

— tKIP^ (monohydrate) „ 0. 0 7 S^frfr—y tr;V 
T-fex— h • E97K?Pfe (tetrahydrate) , 0. 0 2 5^ 
^©3/^hTirx— h • JS^tfO. 0 0 3 20 

*/w©7K®Hfc;j^>!7A, *gtfb'<y i7A^fcfi7K®?fk 

^tx-8oot, 2^©^s*s(tfc„ n 

II, frmt® W K ; hydroxide) ©ff2 

^tt&^y^-^t r-^&gifc^ ^foyf>)A 30 

tt, El4ic:^-rj;pjc, {k&QoWJ ? y v^fr&©& 

f^AT-K-yjiifcftfll, £fi;©&'>-Cffi/Wco. 

^t'Xi 0 . 4 "/o/f-'l' * /H'fco fc„ 
10 0 7 8] HifctfJ 3 

^T'W^jSfe'Pifig^tbTtL i N io.» Coa» Mg 
oo O, (2. 0 3 < p ^ 2. 0 6) 
0. 1 5*^0=7^ (II) r-tr-r- h • gg7kftfe(A 40 
ldrich) tO. OS^/Wa/^h (II) 7-fcr— h • 
E*fnfe£2 2 0ml ©* * y — A-fc^Lfc. »JtC x 
0 . 2 ^©zklHfc !)f ^iv (Aldrich) IrlOOmlO 
y^y-/HC^®Lfc 0 SfcSiJ.C, 0. 0 0 6^VC* 

ift?^i/')A%2m i ©7 o%mmt-m\z4 0 0 
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A, ^*frYte±V-y*jv<r>{V*ffli'g. i k-£t2*9 J- 
[0 0 7 9] 

^ft/tf>':7*jfi|£:(Periataltic pump rate) : 1 2~1 3m 
1/m i n. 

1. 5kgf/cm©Si^ 
ttttfflAlfR^ftOitft : 2 3 0t 
T^fl^-^^f— K (Aspirator speed) : 70-10 
0 L/ m i n . 

S&0JK£iHft1-5fc*, ££L£t&*£2'C/m i n 
<r>l3amt'^n^X\ 8 0 0lC©fi*Pi&fgT*2^f B l 
Lfc^}C*3V>T*DfKiLfc 0 ±|E©:/n-fe;*©flJ,&li, 

[oo8o] zommztitztftiziu xm®vrx-®mt 
ia 5 t m 6 fc**-t©xj!iEiW'<#— ^tiM' ? y 

^ft©#te© v J&BLfcR-3m«i£££*-r5„ 06 
li, L i N i 0.75 Co ls Mg«. M O. & 

m*fe>t>X J ? V 3 0^^/1- 

SkJtX-mfrlZ 0 . 1 %/ir-C * /WD^*©^©^©* 

[0 0 8 1] HJS0IJ4 
@##<ffiffcl£^J& Lfc L i N i Ceo Mgcoj 
Op (2. 0 3 g p ^ 2. 06) 

*IMb !J * ^ ' -*fD#5 (monohydrate) tffc#5fcl;= 
4 1. 9 6, Aldrich) SrSl3)tt t T;v- 5 ^K©jf X* 1 0 
^FbTO^UT, tt*>V^»*S:#fc. ^rv^f>, 0. 0 0 
6 6 ^/UCDTkfflt-? Mb***= 5 8.3 
3 N Aldrich) ^7k^<ky^r>A|»5l5{C^DLT N * h 
fC 5 »|BIW»1-5. y ^ A • -*5fd* 1 7KS6^ 

■^^^^A^^-^tC^-g-, WSLfc^, 0. 165* 
/W-fc&tte-yy-A' (II) at^*=9 2. 7 3,A1 
drich) tO. 0 5 5t/U©*g|ft3/<^h (II) 
#S1:= 9 2 . 9 5, Aldrich) SrgsflDLT, ^ ^(C 1 

5-2 o&mm&wmLx. ^-o^m^±^fc 0 z 

<D®mt.T-th>- (30ml) SrSsiHlL, ^7T-S^L 
^SLfc. Z<DffiMlt£%.<D<pX\ 2&fffl^ 7 5 0"CT* 

[0082] iwsisitwo^wc. y ^» a-^hm© 

VrL1t'<?->'b-9--4 ? V 'sy'tDgjEm&m 7 t@ 8 Ic 
it$tV/t%«tiU-t?fo5„ Z<D®Wn, mo. 0 8% 
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[ 0 0 8 3 J 5 

f £ A U-^/KD^/i ©#>K 

(1) OM, L i id 
N i its Cots Mgtg O2.2 , L i i.os N i on Co 

as Mgta Ono toiUL i i.o N i lis Coozs M 

O&iGI-Zik&yjL i OH, Ni (OH) 2 , Co 
(OH) 2 , Mg (OH) 2 SMgoT^SftS. Ztl 

b<o<t&®tt. ftk&xmm, «aut«L 7 
5 otT5~i o&fmimf&$ixx-QZtzi)<D-?hz> 0 m 

tC^(Lind berg Model 51524 <&WF) t42t:/m i 
n. 7 5 CC^T-ADf^SiX. *©i&g (7 5 CC) \ZX 
1 0#m&&£tltz'&> 2X./m i nXMftUMtiX& 
MZtiZ, 1nm<Dft. ^rtKl4fM:Lfc£jtt£{£5„ t& 

[0 0 8 4] felgMgt.. , Mgtos *>4tfMgo., > 
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♦ roXHTEff^tlfc/^-^fi, #*0 9 (a) , H9 
(b) *5it/H9 (c) Ul^Stu ^Bft©R-3mE 

[0085] *}&<Dmmim>n<D£&bm-<o-7v 

-fe*l4, *»WfcJ:5±E-lftft*S; (II) <D&f$.ZG 
10 HWfOgfta^^^AT'K-T^ftfcy^ 

tcH LTro^AT*fe5„ ^;ftb#>K<D4^jfij&(nominalco 
mposition) fcfclMtfc^l-SOICttfcixS, MftSS 

[0 0 8 6] 
[*3] 







J — h 


Co-TH 
fr — h 


MR-/W H 


IJNkrtCOaifiMgaoriOpi* 


0.1 


0.075 . 


0.025 


0.005 


IiNk/tCOwsMgaicOia* 


0.1 


0.075 


0.025 


0.01 




0.1 


0.075 


0.025 


0.02 



*2.05^pl^2.1 ; 2.10^p2£2.2 ; 43,fct*2.20£p3S2.4 



[00 8 7] ^ 3 £ftfc£fe«<OXg|<D|Hm T-M^ 
-fS/^-ytt, *-»fMMt<0 2o©WttT, Uttsfcl 

ifesco 3 o vtm-wftn^M tfrzmx.zm&nit® 

M%mi 0{c^-r o feSro^iij:, -^^v^Aro-^r 30 

*©ltiDI::«o-Cffi«1-3. * y ^<D£S&,4 

fsasns. ei 0(4, &m<r>&i£mfi^y*is<>j*<D 
i>?*->'?j><D$#m<omtox\ m&nmsmi'&m- 

Z> 0 J*<Oit&&0. 05fc.&VM40. irot 

#14, 1 -y--f*/WCo2\ giO^i-^^ttO. 1 
%Tfo!3, ^9^i^^J>.(O{tm^±<Dltm^0. 2X 
foitt, §i©7i-i?y/liit^ ^yUcot o. 
0 4%<D*ffe5„ 

[0 0 8 8] *e>lC«A/ftf*«MKJ:5*K©«rttflS 40 
Peled et al SgflJ©*!!^ f*#-*|- 5, 591, 543 IC 
li, Li.- ZO. -CM)^$tlfc, y 

SS^ixfcS^ST*, Q,±#/Wv">A, ▼ 
A, * hnj/f-*.M3J:t&*y ^A*»P,S^Sixfcfflffl 
#^IlKro7C^T'fc9, S£mf4, ZORI— ttlCiO, 
2££l42. 5©{i£i:3. *S#^F##5, 591, 
5 4 3 <£#?F©5g9i#i4, Lin ZOi ^SC* 

<D-g|5#© 2 «©jEW *^#feft*-T-rt W y f <? A^ B B B 50 



[0 0 8 9] *»WlcJ:5«iH03.=-^fttT*tti4, * 
BlfffiHi- 5 , 5 9 1, 5 4 3 <D#ff ©^RlCJt^T, 

5, 5 9 1, 5 4 3©il#fiPCD%?a#WUr;^|c«ttvl4, ^ 

4. 4VJ-C3£lt#5r ir^^L/h. *H#fF#^ 

5, 5 9 1, 5 4 3 ©#ff <7?4&>Klis 4. 2ViT-^-Y 
^/HT-tSW^T'foS. ^©0. 2VO^I4Sl : T-fe 
5„ JiA/ir/ittff, tflRlf. 0. 2VWIII4, 3 0mA 
h/gOJt^iW^Sr^-ffL*, -tL-C4»3i«V^4 
t, 4 l 3ii5V''flJBEl4, 4 I? &^m%±<0®'g.<D=.*fr*c 
-*«Sr«*i"5. 1 0mAh/g<7?^^fc5lS]±i:V^ 

^.ifb-t©rii*tt«[*-e*>5. iSiLfci^i©®^, 

/g*T*<D(6j±5r, *%B^I4figL^lf 

[0 0 9 0] *HWlc4 5!feH(4*yt, *R±0«#<t 
J&mZGi-Z. ^niCRLT, *S#W#-i-5, 5 9 



(14) 
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#fct>tt*fc. «MtJ:5lli*oMi:M07x- 
S?:^$:*BH*flF#* 5 , 5 9 1, 5 4 3 (O^fFO^rJv 

[0 0 9 1] TB©5*K« 6~io T-*^Wtc: J: £*ft 
*S#?r#-§-5, 5 9 1, 5 4 3 <D&mz'£ffl Lfc 

Lfc. > 
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[0 0 9 21 HJfe^J 6 
Out L i i io N i o.ts 



N i i.js 

COo 25 



C 00.2s 
M go.i 



M gi 
On 



it. 



10 



tff (Gal braith Labs Inc .CloVX) £iXT N tlS^O 

tt#fc£*K:*jrt 3S^©& B B B &*©ifcii*ft= ^ 

M^O^SlOLi,, Ni,-, MgN, 0 2( ,«) 

[0 0 9 3] 
US4] 











Ui^sNiaTsCoxt&MgaoflOzj o 




6.98% 


Uaw(NlCo)u.Afe<«vdOro*» 






43.90% 








14.68% 








1.09% 








6.91% 








43.70% 








14.18% 








2.19% 





[0 0 9 4] £lfeffl7. 

^SSWICiSfeSf L i i.os Nion Co..» Mg.os O 30 
l» , L i 1.10 Nii» C00.225 Mgm On ©;£ 
«tS:«*KHfeBl'l 1 SffiiStlO/tA/cm 

2 ©-^liStfc 3. i^%>4. 4Vffl<D7 L xh-9-'< ?fr 
X\ COftj*Sr»fc. *flttt#*3V*t>-p, TIEO^T- 

VctotKltd — VopmcinruiT + I R 

R=#ig©«si&fc 

ianiMtfc/h$l^J:#, 40 

V dalKitd — V opmcirteif 

@l ltc^1-J:p|c, ^U-y^^A©^* (x**lc^ 

1-) T"b, ?*i/<y A.momMzfe-oT > ie^ 

5 J: 3 IC («*.tf» Ni* L i N i «f lc#£1-3B#l± 
3. 8V, Ni" NiOi *»C#?ti-5B#li4. 5 

v) % wnAmmE* *>*>mik»Mtt* *&w®9.v> 
tots. m®&m<r>mmm\z, 2m<o?E4 



5. sfctcroBi iX'Zb\mmx-zzztn. *mm 

Oif L im Nil-, M, N. Oram F*9©2fl5© 
[0 0 9 5] Hlfe^ 8 

^SSWICtS^RL i i.03 Niors CO0.2S Mgaoi O 

2.06 , L i 1.05 N I 0.J5 COH2S Mgo.os Oz.10 , jo 

itfL i lm N i ore Cocre Mgo.10 Oi» ^b^fife 

^*^-#ffc#3Btt>T)£ (energy disperdive 
specrtoscopy, EDX) "C, K tlM ^ y y^Ellltl© 
A&ifiil©3 Ot^f? y ^/T'fX h (3 0IU©35«fc 

8c®) Sn^ffi<o^^->^A^gSrJt«UT*^i- 
5„ EDX©^*?r^5lc^1- 0 ^^jy^oK- 
7"$ ftfc AS K I*. ^nv^tlCn^ frfk k'mito 

Lt, ^H^UFS-i- 5 , 5 9 1, 5 4 3 <Dftf{<D®'g. 
T frit y ±3g# — ^-t-— h (alkaline earth carbonate) 
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[0 0 9 6] * * [^5] 













Mg:4.47% Ca 23.4596 Nl: 72.07% 






Me:5.02% Co: 23.58* Nl: 71. 4055 


Lii-DsNfc TsCcti sMgaj Ouo 


im 9 


Mg:8.98% 0x24.06% *fc:66.97* 




Mg:7.815* Co:23.5Q* Nl: 68. 6996 


UuoI^TsCousMeuOuo 




Mg:12.89% Co:22*24% NL64.B796 


"iM^U 


Mg:12.53* Co:21.54% 
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[0 09 7] HJ60i| 9 10 

9 v >?wr&\z}$vzmMmft<» 2 mew 
y ^^B<i«i-*iit5> msis* (ii. 4 9%s*jt©L 

iPF. ; 2 9. 3 9 %m§LttV>i%8ti>* iSitf 
5 9. 1 l^ofiaJtCD^W'y*-^— h) +CD-7^ 
* 5/ * A#4l4{fc##$f ft-C P P m W</U* TMfc £ iX 

^yy^ »£**««t»©-r^* 

^SU-CfoSo rO^T^KL i ,^ Ni h M, N, 20 

o 2U ^ rtws^iisai^tt, f--r * y 

tz 0 
[0 0 9 8] 



[«6] 





(P Pm) 




5.7 


3 0iK*;V«CD«#a* 
Iiw*Nla7sC0&»Mga©O»«&ffi 


7,9 


3 0iM*;vacot»Bffi 

IiuxNlaTfiCausMgaosOxio^S 


7.3 


3 0iM^;VftcD«#* 


7.1 
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[0 0 9 9] *Bfc*1-J:5fc» *«| 

(initial) ©t^*-;^.^*!*, 2flB©jE-f ^©gs 

9*T*fc5. Li i.o Ni..« Coo.a2s Mg 

.... o,. a ©»fi\ TXh^Mz&ftLltQM&nM 

filil. 0 7 5 3 gT\ :ftH©fil:li0. 0112gT 50 



fcofc„ A^rt©?£tt#>t$©£i;ti\ 4. 7 8 8 3X1 

0|> J§tt4Mtrt©-^**>?A©fi*tt, fti. 10 

2 5 X 1 0 gT-fc^tT-fc-S. fcL-T^^AC^ 
WWKrtfcifcM-* fc ?> If , thSS £ itfc-r * 

A©figW:jj!*j 102. 53ppm (1. 1025X10 
H g^-1. 0753 g) IC^5i4-fCfc5. t^^y^ 

^s&m «■ ^ t k otsirt tommmtm* 

[0 10 0] *H0J#fcfr,«, tf8t!l$ttfcfi6^v^ 
i/V&oymMt. h^7-©$SBi*jiCfc.5<b©£ft 
■f5. kL*$&rt©^^->£A©ti;!n]a^ £SPr;*. 

%M (source) 14, P, < It^-lET htltz± /VfDWmU 

ftx-hz>o* ztummm<Dtzit>. im*iz\z*:tw,± 

[0101] ^B^ff*^ 5 , 5 9 1, 54 3 

\z.wnzfrtzi.o\^ &n<»&w%tzh&. ftm^mm 

o«SHrtlcfot), 2 fettKL-OM 

[0102] MMW 1 0 

tS*<fr?**» 2MjE-f^->'{c t &ftt,nfcfiBW#iE4-5t 

T . ^ ^ -> ^ n it ytf - y >r,\,*? a h ©fe B B a fe 
*Sr£Wi-5t, S!^±wm-7-^ B B a^JtL i : N i 
(*fc»4Co) :0=1 : 1 : 2 Kg^T. <k^f+@ 

OfD(D2fglC/it) % *^y ^>>A©2«Jct^5. - 
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fcfclb, #BH*flF**5, 5 9 1, 5 4 3©^Oi9 
\ZtlZ> 0 ZnM&Yt. *B#flF#-§- 5 , 5 9 1, 5 4 3 

-t mi 2 is © y ^ ? a ^ * y i m © •> ? a © * 

-Xk It, N i : Co : Mg = 0. 7 5:0. 2 5: 

o. i ki-it, £&<d-7?**s'>J>.jE'( 

)V (*fc.i=^/H0 ©SSte-^K&B-f-Si^ ft* 

^l4Lii.ii> N i o.n Co&a Mgai On kttie 

Mzm^X, JgjE^Cfb^L i., N ia« M 
go., O: ^itSfc. L i OH • H. O. N i 

(OH) , % Co (OH) , *5«tUfMg (OH) 2 OS 

fm<D{t&vokvx®##;mmt. *%m<D&mi-at 

^SLii.io N i 0.2s C 00.25 Mgo.i O2 \t#%skfc 

#lf#-§-5, 5 9 1, 5 4 3©#fF©{k-g-!feiL i a. N 
i.,75 Coo.o Mgo.. O2 F^f©«Ji±CD^SrM-f 

[0 10 3] 2«©fls£-*S:£'ja<f»©. §SI±©«*n 
TIEO^-fe-etfffSn5. Li... Ni 
olts C 00.25 Mgo. O2.2 (c^fLT, ^ixS: 1 ^e/i"g-* 
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*^i-5IC|4, m&±. 1. l^WLiOH- 

H, O, 0. 7 (OH) 2 , 0. 2 
©Co (OH) 2 &£XfO. HA-OMg (OH) 2 £ 

I. 1 L i OH • H. O+O. 75Ni (OH) 2 + 
0. 25Co (OH) 2 + O. lMg (OH) 2 + 
f^#yS|— L i 0.00 Nio.7s C 00.20 Mgo.. 02^©5 
£T\ 1 4 4. 7 8 gl±I^i % ff©±2 
8. 1 6%©If o^^Iirjot, 10 4. 0 15g 

10 <D£.f&®)fr$>Z,'<£X'hZ>. 

(0 10 4] Li 0.00 N i 0.75 C 00.2s Mg... O2 id 

0. 8 L i OH • Hj O+O. 7 5N i (OH) 2 + 
0. 25Co (OH) 2 + O. lMg (OH) 2 + 

WiWkM— L i 0.00 Ni..re Co 0.25 M g 0.1 O2 

Z<Di§&, 1 3 2. 1 8 8 g©H,teB##3KlHilil±9 

6. 3 02 gO^n°p?:«U ttg±©S*D*f42 

7. 1 5%£&5„ 

10 10 5] ±B«>2fi©Rj£tt, jattKTJtJftS 
20 n s il 2 K?»^WS£##f (TGA) -CfHBLfc, * 
JfSOfiiP^Sr^n ? h Lfc„ TIE©* 7 icM^ ©{£ 

[0 10 6] 
[*7] 





oil tag) 


St (mg) 


<&3£ft; (*) 




L i Ni 
CoMgO 


19. 6 6 4 


14. 14 7 9 


2 8.05 


2 8.16 


L i Ni 
C oMgO 


1 8. 7 8 0 7 


13. 6 6 6 5 


2 7. 2 3 


2 7.15 



[0 10 7] S7fC?lJ^LrcTGAlrj;5^<±, 
iCfef L i u. Nio.7s C0125 Mgo.. O2.2 ©{b 
^OJEVkZZHifeLtz. TGA##r,i£7c, 
©gfr5fiip;*©H-giJ,;:J:'9, #$gf^©L i .... Ni 

0. 7s C00.2S Mg... O2.2 t*a^^#-75-5, 5 9 

1, 5 4 3 ©#f£© L i ..a Nio.75 C 00.2s MgM 40 

O: 0P5*KW©«ift±©SiJ|SrSm4<i«*Lfc. 

"C, TGA4M>TfcJ:!> % 2fflijEW , *^©ffi«t>*fc. M 
tt«WMt t LTSs* $ fife y <? A ©ft $ tl. % 
©8*, *»W**S1*flF#*5, 5 9 1, 54 3©# 

[0108] ^JS«»J 1 1 

«fc<b^ttte©Jt« 

2?*#j5T&WL/t!|&lKL i Ni.75 Co,. B Mg 50 



0.(0 O2.O6 L i ..OS N i 0.7S C O.L2S MgOLOS Ot.O 

4o<tU^Li...o Ni.75 C O 0 .25 Mg0.1 Oi. 20 ©flt^ 

^±©^^01 3©/7 7f*t. 3mm<om^k 

(1 5 OmAh/gfilJ:) . 
[0109] HJS{F!| 1 2 

Li.. .5 NiMgcs Ozs O&l&bmM&Wt 
ifelKL i OH • H. O, N i (OH) , tMg (OH) 

OOtt'l O^J!jo^$^5o 

[0110] Bi4ii5i:, : ©&fl ©S^tfb^ttK 
fc„ w©HIICj;5i:, ^®l±*&fc©3 0f--Y^^T-(47 
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S^^LfcV*. *K— 7°©L iNiOj (-$"&*? 
JB«|*aHIlS©3C*04V^L iNiO: ) t LTIi 

tltzVd'gL i N i Os ^ft^^TO^ftft^L i N i 
O, M%m<0£MZ&*-tZ>tz)t>. 01 5 t 1 6©£& 
©©dQ/dVfcV (-^©Ste) ©lUgci LT^ L 
fc„ El 5TM4, *%^SL i li. NiMgcs O 
r, <OdQ/d V*fV©fti^4r^L, ^ftltiM * y ^ 

fp^fltz^h'-yomWL i N i O. 9 V^? 10 

[0111] HJStfJ 1 3 

Li li. Nim Coos Mgo.,. On ©f^fc#tt 

*^W©^RLii.io N i 0.7S Cous Mg..i. On 

ir/Wi, ±!E©#|iilcj: OP^^ns, r©#3£-C*j& 
$iitL<rx f-fe/Hl, TtE©»S©g&5Hf^#©T 

-e-f.* h^ftfc 20 

[0 112] ^lOfXhm a-^IES*^^ 
^H?^5r3. 1^P>4. 4Vrat« IMgO. 50 
raA/cm' •C5 0t>f^/l'f^H.fc. 0 1 7 JcirA- 

[0 113] JJ^Ox* h-Ctt, y^AIE&fc^f;: 
T*Mr/HS:3. ld>£>4. 6VF,fl-C\ fStft&gO. 5 
mA/cm* f5 0t-<^/Wr^M.fc„ ElSld-tr/v- 
roS*Srf--rj5'^ic(DH^ct Lt/Dy hLfc„ ^©0 30 

[0 1 1 4] I3©r^ f^-m, y^AjEffiSr^fc 
T*h-feA-4:3. 1^5)4. 4VI1-C, 2. 0mA/ c 
m 2 TlOOt^^/Pf^Mfc. 01 9\Z.±)V<D^m. 

T*t-f * /H* tifc i # T t > y * *H4*lt«r 

T'# 5 r t Sr^f. h-fe/Ki 1 5 ~ 2 0 #IB]T?J££ 40 
*>5VMitt«T?#5. *tltts *#4C©C- 

[0115] ±IE©ll;&#JTii£©{fc^5£L i ... n i 
,-, MgN. o 2tl m (sti) (2. ^^©feff©-^ 
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*|f £©:?>- 7" (sSi) ©*Rrt©2fi£-f a-^H:, m 

5, 5 9 1, 5 4 acWFcffcJtfcftai-irirftift 

[0 116J {tfSLii Nil-, MgN, O, (5tl 
I) *|gB^®W^2^-7'li*fc, *H 

4$ff#-§-5, 5 9 1, 5 4 3©4#fr©4fc>KL i .-, Q 

^ zo. (stiii) 3 orofc^-cft^ 

IIi£©ISj^&©ftttffi^LV\, StlC^T, y^-^Alf 
^©»li, =y^/vt "M" W^K©JS(-T-»©»lcffi 
^L<, "N" flM#*II*©K*fttt«StLfc'<?y 

V>oT't> "Z" SfteJUK?- (ZI4-y^/K = 

*) ttJ:5^*<. "Q" flJHfcfcllKAiK*©*^ 

[0 117] ±K4Mt©«Mfc*teKiC#L-t\ *l© 

^<*„ 0 2 0 tc^i-J; 5 *^^©*I til 

©feH (Wfh-0-i:-a-T*$ti.5S^L i 
i.io N i it. Co. a Mgcio O2.2 t L i 1 N iin 
Cc* Mgi» O, (2. lgp^2. 2) ?rW-f 
5) 11, *H1*W#^5, 5 9 1, 5 4 3 (DftmctStf 
5, ^iIII©!fel® (*1^L i ... NU75 Coca Mg 
.... On Sr*i-5) Kft^T, ^r©tt:^*lc^i:^[Sj 

[0118] SI, IISoiu:iII©tlKrtT% 2«E-< 

■c, a>o, ^s'^/u-i- "m" "n" mM»a 

II^7C*©^ B l^©fn©2fg-T?fe5 <) ^IIIIC*5V^ 
T> Ri««i£«^©ft». =y4r*+ "M" S^JR© 
Sal^©ft©2^T&5„ SillllCioltSyf^A^ 
B B B *&^I^ (1-x) ©y5 L !>A + X/2© "N" 
#^II^IS : f-©^Bl*S^+X/2©^^(einpty latti 
ce)T'£*fetv5. ^IIlCfcV^Ttt, KUlfetS^©® 
14, lEmc'jzmt^ (nominal formula) A^f>it^$tL 
ftV\ K*»*«HF©*lt, *fei-ntf» ttX/2© 

"n" mmwmmoiEj't-ytfywjxm&te**, 

X/ 2 ©J1^#^IIK©]E^ ^>^S^JS^ B B a^«r 
Zix?n&&-tin\i* 2 (1+ (x/2) ) T% 
^^ b b b^©^cI±, t L^95©^»l#^IIlS©]E-r ^3- 
>'*»»^*fe*» ; FSr«&*b, X©y^^A^ 
»^S:»Lfcb2 (1+X) tKZX'hZ?, ¥<Dfr- 

*icL-tt>, 'M<ttx/2© "n" mmwmmn 

*LT, ^©«*KiJ:9» *ll©*K©f->f^ 
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[0 119] JtoT, *&W<D#.l kll\z£*)mfe£h 
5t)g»taS:L i ... Nin M, Ni O. 

[0 12 0] iS*. Mttf^ ( ^dA, 

^AiS^bSlitvS ; OSX^Z ; 2 (1+Z/ 
2) SP^2 (1+Z) ; Z^ltTyX 10 

>cOi:#\ O^ySl jM^*^ y<+^?A x 
A£,-5l,M.i&c7)i:£, O^y^O. 5 iM^T^S^* 
ACDtt, y^O. 4 ; NtfT/l' 5 SVMiaA' 
•^Aroif^ O^Z^O. 25;N^hoyf|) 
A« SISfo-5V^±/<y ^AWif , 0<Z^0. 1±1B 

n*&mwttxmim**s, 591, 543^ 
[0121] 20 

[»9i©3**] iot, **M#fc*>tt, 
*tfc*JI©H»l#*II***«r*Ji L/cR- 3m«jt£ 

K— ^ Fi:U -■v'rfi'k 3/</w h«rS^ 

) , tfcttLiNio^Co^ (-■-) 
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*iie>2flnE>f*>'«)aantr**L*:. t^^^^ 

#fF##5, 2 6 4, 2 0 l<D{t&yotfhZ>. 
[0 12 2] *|gBJlCHLTH« ^<D*ffiC0S«tCiigS 

[01] SE&flfitSrW-rS'J^A • = * 

K (LiNiO: ) S<D«3t@-Cfe5„ 
[02] #7L«-C£jft £ Jxfcft5teRft^« L i N i 
ore Cools M g cm O, (2. 03^pl2. 06) 

[0 3] y/Wfe-C^^ftfcL i N io.re Co« M 

goos Op ( — O — 

[*1] 



[04] ^Vitf^^fcLiNiiR Co.. B N 
.03 Op (2. 0 3< P <2. 0 6) SrA^Rfc 



[fl-2] 



DyM&fflSBT, tBfUNBijJl-y'JA (-■-) „ XhO^A (- 



O-) , fe5^l±/<!J*A (-□-) Srm-To 

[0 5] ^/k ftmm?&& $ fifcta**^* l 

iNicLis Co.» Mgoo Op (2. 03<p<2. 
0 6) <DX&X\M19i Lfc/^-^ETfoS, 
[06] ^/WttiftT^rtShfcLiNim C 
ocs Mgcm Op (2. 03^p^2. 06) 

o y M,fcftH0T?*>5. 

[0 7] HtlcRtl^n-tx-e^Stufc©*^^* 
LiNio.» Cois Mgoo Op (2. 0 3gpS 
2. 0 6) ©X^-CHJffLfc/-?^ — >-0T'fo5„ 

[0 8] ®#&m7wtXX$f$.£iXtzL i N i ore 



40 



★ Coap Mgt. Op (2. 0 3gp^2. 06) 

WmxhZo 

[0 9] 0 9 (a) ~ (c) tt, B##cjS7 , n-fc*-C 
^$nfc3a©^-^rf-'1' K, L i ,..> Ni..re Co 

0.25 M g 0.03 O2.K x L i 1.05 N i 0.75 C O 0,25 M g 

0.05 Otio 'R.XJh i 1.10 N i ore Cots Mgo.i O 

[010] H#tt«^n1t^-e«-*«-J«*iXfc, L i 
N i ore C 00.2s M 
[^•3] 



SosxOp (-■-) « L i N i 0 75 C o 0Z5 Mg ai0 O p (-□-) ab-SVifiL i N i 



.» Co..* Mgo.2. Op (-x-) ^mmwtLx 50 tttn.iz.it^witmmttvj t^mxyv-y \-Lit 
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[tan] m»nzn%wt^^^\zts\-ti>mK 

L 1 1.05 N i 0.75 C O 0.25 M ga05 OilO t L i 1.10 N 

io.75 C 00.25 Mgaio Ot 2 rtoyf ^A^i-e/n 
y h LfcttfcB"C*S. 

[HI 1 2 J TGAtftfctlB^JsmitKEftS 
ftfcLii.il N i 0,75 Co o.25 Mgo.i Oi? (MM) 

t L i o.i Niars Co 0.25 Mgai O2 <D$L 

&£zfu y h Lfc*»B-e*>5. 
[013] L i La N io.75 C 00.25 Mg 10 

0.03 Ot66 v L i 1.05 N i 0.75 C 00.25 M go.05 OilO 

joiVLii.10 N io.75 C 00.2s Mgo.i O12 
vy hLfcft»H-C*>5 0 

[Hi 4] ftfLiui NiMgus O2.3 0>3&4*t 

9M£Tf* ? h LfcSMftB-C*>5. 
[1315] MLius NiMgus On OdQ/ 

dV»t/Hft (v) -e^pjr KLfc*»B-e*>5. 

[016] ft*0>4Mt L i N i O2 (OdQ/dV)t}t 

(V) "C^D 5/ h LfcfftH@-Cfc5 0 *20 
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: [Si 7] Li 1.10 N io.75 Co 0.25 MgoLio O2.2 
t U £IE1St Lfc«Mfc**/ua>«:*it 
^Mtf^y M.fcaM»B-e*>0, *>f^A^t 
ff®fflte3. li*e>4. 4ViT\ 50lM^Ktt$S 
36gf40. 5 0mA/cm J Tfe5 0 
[018] L i 1.10 N io,7s C 00.2s Mgaio O2.2 

«»W?A«^ny hLfcft^0^fo«9, 
/^SJE®Bfi3. I4»fe4. 3 0t^?;K 

it$H£gEl± 0 . 5 0 m A/ cm 2 T'fc 2> e 
[13 19] Li 1.10 N io.75 C 00.25 Mgo.10 O2.2 

SlW^f^^ny hLfc*l*B-e*>9. 
/WgEE|8ffltt:3. 1A>&4. 4ViT\ lOOiM'* 
/K S^4SSli2. 0mA/ cm 2 T£>5 0 

[020] ASteKLii.10 Nio.7s C 00.25 Mg 
0.10 O2.2 x L i l N i 0.7s C 00.2s Mgo.10 O 
p (2. l^p^2. 2) , fci^L io.. N io.75 C 
00.25 Mgo.i O2.0 Sr^tf««{k^-fe/wSrJtS*»-9- 
-f 9AXkn?x* y h LfcSMftBTJbS. 
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[08] 
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160 
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6 m 
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20 {_ 
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10 
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20 
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Ar-i^ A, ft.y 



SO 
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40 
20 
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[013] 



[Hi 4] 



0. OSMg 
0. OSMg 
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